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Abstract 

This volume is the report of a test program to 
measure under carefully controlled conditions 
on the ground the effects of an atomic bomb on 
aircraft and missile structures . Some measure
ments of the blast and thermal phenomena 
peculiar to the USAF problem are included. 

Automatic-recording-instrumented aerody
namic and structural models were erected at 
four different ranges from the shot tower to de
termine the forcing functions (actual loads) and 
the dynamic response when subjected to the 
blast wave. Other test articles, consisting of 
the following aircraft components: F-47 wings 
and control surfaces, F-80 fuselage sections 
with canopies, B-17 elevators, and cylinder- and 
airfoil-shaped overpressure models, were sta
tioned at four ranges to determine mainly the 
destructive effect of the differential-pressure 
shock and also the over-all effect of the bomb. 
A survey of the highest temperature atWned on 

r, · ~ -

l__ .. - · ---- --

various portions of the test articles was con
ducted with an experimental temperature
measuring device. A limited number of measure
ments of temperature variations with time were 
made on portions of the test articles. The 
overpressure vs time at each of the four test 
ranges was measured using an interferometer 
gauge mounted level with the ground. Phenomena 
peculiar to the angle of attack of the blast wave 
were measured with three di'ferent types of 
instruments. 

The results of the measured data are pre
sented, including initial conclusions and rec
ommendations. However, the intent or purpose 
of this operation was to gather data from which 
aircraft and missile structural design criteria 
could be evolved. Therefore conclusions will 
not be available until a more exhaustive evalu
ation can be conducted. 



L._. -------

Chapter 

Introduction 

1.1 GENERAL CONSIDERATIONS 

The over-all functions of Projects 8.0, 8.1, 
and 8.2 were to Investigate, measure, and eval
uate the effects produced on an aircraft flying 
In the region of an atomic bomb burst. The en
gineering data collected as a result of this test 
are to be utilized for (1) the establishment of 
aircraft and missile design criteria, (2) the 
determination of safe operating procedures for 
aircraft required to fly within the field of an 
atomic bomb burst, (3) the determination of 
hazards encountered by aircraft and missiles 
in the air and on the ground when In the field of 
an atomic bomb burst. 'ind (4) the establishment 
of data required for the detail design of aircraft 
and miaalle structures, that ls, choice of mate
rials and type of construction. 

Project 8.2 111 the ground phase of the over
all aircraft program, and, as the name Implies, 
all teaUng wu performed on the ground of var
ious Islands of the Eniwetok Atoll. The ground 
teats provided an opportunity to gather data un
der closely controlled condlUons (as compared 
to flight conditions) on simplified structures. 
Thia was extremely Important since the use of 
aimpWled models rather than complex aircraft 
atructurea permits a correlation of theory and 
experiment with the minimum of problems due 
to auperfluoua details. In addttlon it provided 
an opportunity to make reliable observations of 
the effect• on aircraft atructurea at a relatively 
ahort dlatance from the center of the burst. 
These obaervaUon1 are valuable in determining 
the effect and extent of local blaat damage on 
secondary and primary atructural component•• 
Thi• type of damage cannot be reliably pre
dicted by methods of analyaia; yet it may be an 

Important factor In the failure of certain types 
of aircraft structures. 

It was apparent that, If failure were to occur 
In the structure of an aircraft operatin1t within 
the flf:ld of an atomic bomb burst, It would be 
caused by blast or thermal radiation. Previous 
atomic tests and engineering data derived there
from Indicated that the blast effect was the phe
nomenon most destructive to the aircraft struc
ture, although thermal radiation appeared to be 
critical In certain portions of the aircraft, and 
the requirement for temperature data became 
more Important as studies of existing data 
progressed. The blast phenomena of an atomic 
bomb burst may be broken down Into the fol
lowing three divisions to clarify their relation 
to the aircraft structures problem and to the 
Project 8.2 test program: the aerodynamics of 
the shock wave, the air loads (lift, drag, and 
crushing) on the aircraft structure, and the 
response of the aircraft structure to these 
loads. The thermal-radiation problem does 
not need to be divided for the purpose of re
porting the test results on aircraft structures. 
The Project 8.2 test program limited the ln
vestlgatlor. of the thermal problem to the meas
urement of the highest temperature encountered 
at a number of locations on the ground-test ar
ticles and Included three temperature vs time 
surveys at each of the four test sites. 

1.2 OBJECTIVE 

In general, the objective of the Project 8.2 
test program was to place definitely apeclfled 
aircraft components and model• at predeter
mined ranges In the field of the Euy atc,mlc 
bomb burst and, under carefully controlled 



conditions, to measure and evaluate the effects 
mainly of the blast phenomena and also of the 
thermal radiation on these test articles. The 
objective -'\so included measurements of the 
blast phenomena peculiar to, and required by, 
the Air Force 111 order to obtain sufficient data 
about the aerodynamics and thermodynamics of 
the shock front and Mast wave to make poss ible 
the establishment of aircraft design criteria. 

Therefore the specific objective of Green
house Project 8.2 was to perform the neces
sary tests from which data of the following type 
could be assembled: 

1. Air-load and air-pressure measurements 
on ideal rigid two-dimensional wing models to 
determine the actual loads which these wings 
experience (see Fig. 1.1). (An ideal two-dimen
sional rigid-wing model in this case refers to 
a small, very rigid (stiff) wing with no sweep 
backward or forward, no taper in either the 
leading or trailing edge, and no change in the 
size of the airfoil throughout the SIJan) . 

2. Structural measurements of the dynamic 
response of ideal straight- and swept-wing 
models to an atomic bomb burst. (Ideal wing 
model~ In this casr, refer to small structural 
wings of simple design which behave struc
turally in a manner suitable to verify methods 
of dynamic-stress analysis.) The Ideal models 
utilize the same airfoil section as the rigid 
model In order that the dynamic response can 
be correlated directly with known air loads. 
These ideal wing models shall be referred to 
hereafter as "structural" models and "swept" 
models (see Figs. 1.1 to 1.4). 

3. Qualitative results on vented and unvented 
simple cylinders and simple airfoil shapes to 
determine the effect oI the shock wave and the 
alleviation effect of venting holes (see Fig. 2.9). 

4. Qualitative results of the over-all effect 
on canopies, preBSurlzed-type cockpits, control 
surfaces, wing structures, etc. 

5. A survey of the temperature rise of var
ious elements of aircraft structures located 
stationary on the ground. 

8. Measurements of pressure field vs time 
at each of the Project 8.2 test sites. 

7. Measurements of the angle of the shock 
front relative to the chord d the wing models 
at all test sites. 

1.3 BACKGROUND 

The experience gained by members of Oper
ation Crossroads and the reports therefrom 
furnished both practical and operational in 
formation. 

The precedence enjoyed by 'Jei11g associated 
with Operation Greenhouse 1,1::Je available sub
stantial amounts of engineering data (regarding 
the atomic bomb effects and phenomena) from 
other government agencies. This Information, 
11:athered from conferences and reports, acl
vanced the general understanding of the air
craft and missile structures problem facing 
the USAF. Although th!s Information was not 
available prior to the Initiation of the Green
house Project 8.2, every effort was extended 
to digest the data and Incorporate the latest 
conceptions in this project. 

1.4 GENERAL TEST PROORAM 

To ensure accomplishment of the objectives, 
It was determined essential that a minimum of 
four test sites at specific ranges from the 
atomic bomb burst be established. The four 
Islands selected as most nearly meeting the 
range requirement In this test were Engebi, 
Muzinbaarlkku (Muzln), Telteiripucchl (Teitelr), 
and Bokonaarappu (Boken). Figure 1. 5 is a 
sketch illustrating the relative locations of the 
Island sites, their respective ranges from the 
shot tower, and other related data. Figures 1.6 
to 1.9 are aerial views of each of the four ls
land test sites. 

The array of test articles and equipment was 
practically Identical for each of the four test 
Islands. The test Installations consisted of 
aerodynamic and structural models, F-80 
fuselage sections, F-47 wing panels, B-17 
elevators, cylindrically shaped and airfoil
shaped overpressure models, and angle-of
attack, temperature, and overpre11ure meas
uring equipment. Figure 1.10 Is an aerial view 
and Fig. I.II ls a rear oblique ground view 
showing a typical test array. On each Island 
an Instrument room was constructed of suitable 
design to house and protect the remotely con
trol!( d recording equipment, time-signal re
lays, ttand-by battery and recWler systema, 
and otiter equipment (Ne Figs. 1.12 to 1,111). 
These rooms or small buildings were all lo-

r,l"ll l · ,) titJ"" ' ~-. •, ' ·' ,. U \ l; L_k_,._, . . 
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cated partly be low the ground and were 75 to 
90 ft to the rear of the line of tes t articles. 
The instrument m oms on Engebi and Muzin 
were constru cted of re inforced cone r ete with 
a heav y stee l marine- type door. The large 
quantity of electri c wires from the measuring 
devices in the test articles was conveyed to 
the ground inside the pylons and then under
ground in two large electrical conduits to the 
instrument house (see Fig. 1.15). Electrical 
power to operate the Instruments was provided 
by central power sources operated by another 
group and by storage batteries. It was neces
sary to augment these sources with additional 
power on Engebi and Muzin. This was accom
plished by the Installation of portable genera
tors (7.5 to 25 kw) below ground in prepared 
sa .dbag revetments (see Figs. 1,16 to 1.19). 
The dynamic response, which consists of 
bending, shear, and torsion loads, was meas
ured on the structural- and the swept-wing 
models by strain gauges. The sensing ele
ments for measuring total reactions, I.e., 

..L,r--- -

total lift, drag, and moment of the rigid model, 
were also strain gauges. Pressure transducers 
employing a variable-reluctance principle were 
used In measuring the pressure distribution 
over the rigid model. The temperature rise at 
various local areas In the structural models 
was measured by electrical-resistance-type 
temperature gauges. Vane-type angle-of
attack indicators attached to the supports of 
the swept-model pylons were utilized on Engebi 
and on Muzin to measure the angle of attack of 
the high-velocity air maBB (positive preHure) 
Immediately following the shock front (see 
Figs. 1.20 to 1.23). Two 24-channel magnetic
tape (Webster) recorders were used on each 

e 

N 

is land tes t site for r e motely reco rding the 
data fr om the above- des cribed sensinj? e le 
ments. 

An electroni c-chronograph system tri1?1?Pred 
by pressure switches was used to measure the 
angle of attack of the blast wave. This system 
operated fr om the auxiliary power s ource, and 
remote recording was performeti by a photo
graphic system. A method of measuring the 
angle of attack of the shock front through the 
use of high-speed motion pictures was attempted 
on all four test sites. This system consisted in 
photographing, with a Fastax camera, the optical 
phenomenon produced by refraction through 
the shock front of a break or discontinuity In 
straight lines suspended within the camera 
field. 

The temperature survey of the highest tem
perature attained on various portions of the 
structural test articles was performed through 
the use of eutectic metal alloys with specific 
melting points. 

Interferometer-type gauges were used In 
measuring the overpressure vs time at each 
of the test sites. These Instruments contained 
their own battery power source and recording 
system. 

The central-source time signal was used for 
remotely actuating all the Project 8.2 Instru
mentation. Additional timing or triggering sys
tems were required In order to meet the full 
requirements of this project. 

The organization of personnel for Project 8.2 
Is given In Table 1.1. 

Detailed descriptions of the test, l~strumen
tatlon, and equipment are contained 1.1 the fol
lowing chapters. 
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Chapter 2 

Description of Experimental Procedure 

and Test Apparatus 

2.1 SELECTION OF TEST ARTICLES 

The major portion of the test articles was 
utilized in obtaining data on the effects of atomic 
bomb blast phenomena on aircraft structures, 
A schematic diagram is presented in Fig. 2.1, 
illustrating the division of energies and forces 
released by an atomic bomb burst as related to 
the aircraft structures problem and the Project 
8.2 ground-test program. For clarification of 
the cause of blut damage to aircraft structures 
the blast phenomena may be considered as two 
separate and distinct forces: On the arrival of 
the blast front the aircraft structure Is sub
jected to a large crushing force due to the 
external-to-internal pressure differential; this 
Is immediately followed by the movement of a 
large mass d high-velocity air over the struc
ture, causing lift and drag. The effect of the 
latter force acting on an aircraft structure 
anchored in Its path Is similar to that of an 
outside wtnd tuMel in which the high-velocity 
air la caused by the atomic bomb burst. The 
functional requirements and a brief description 
d the teat articles selected to obtain data on the 
effects d blast phenomena on aircraft struc
tures are as follows: 

1. The measurement d the actual total loads 
and the dlfferentlal-pre11ure profile produced 
by the air-mas• movement over a rigid-wing 
aurface. To obtain then data, a small wing 
model ~ hip Inherent atlffneaa as compared 
to conventional wing structure• wu designed 
and fabricated. Thla rigtd-winl model wu 
oriented 1n tbe air-blast pith and supported on 
a balanclnl ayatem concealed within the sup
portinl pylona. Two rip:! models were mounted 

horizontally at each island site between the 
pylons as illustrated in Fig. I. I. The balance 
system was designed to make possible the 
isolation of the lift, drag, and moment forres 
so that measurements could be accomplished 
by strain gauges. Pressure-sensing elements 
were installed for pressure-profile measure 
ments. 

2. The measurement of the dynamic response 
of conventional wing structures under the ap
plied load of the air-mass movement. This is 
the measurement of how a wing structure reacts 
to the dynamic lo..i:I of the high-velocity air 
mass following the shock front. To reduce 
complications in the dynamic-stress analysis 
problem and to eliminate other Influencing 
factors, It was determined advisable to design 
and fabricate both a straight- and swept-wing 
model for these data. The structural model, as 
the straight-wing design ls hereafter named, 
and the swept model (see Fig. 1.3) were de
signed In a simple manner to permit a straight
forward dynamic analysis. Two structural 
models were mounted at each Island site as 
horizontal cantilevers on the outer pylons (see 
Figs. 1.1 and 1.2). The structural model uti
lized the same airfoil section as the rigid model 
to permit direct correlation of the dynamic 
response with the measured air loads. Strain 
gauges were used as the sensing elements in 
both models. 

3. The ob•ervatlon and evaluation of the 
effect of the •hock front, or, more specifically, 
the destructive effect of the differentlal-pres
aure •hock on varlou1 1tructural component•• 
A number c4 factor• influenced the •election of 
the structural components. These factor• in-

---- --·••·-• --------· 
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eluded availability of the component from sup
ply or sah·age, size, type of construction, and 
the incorporation of several structural features 
in one test articl e, which in turn reduced con
siderably other problems, such as hold-down 
fixtures and logistics. Although the test arti
cles are being described herein in accordance 
with the major reasons for their selection, it is 
desired to point out that practically all of them 
served at least a twofold purpcse, such as a 
general qualitative test of various types of con
struction and the study of thermal-radiation 
effects. A list of the remaining test articles 
with major reasons for their selection follows. 

1. The F-80 fuselage section was an avail
able representation of typical fighter fuselage 
design. In addition to enabling investigation of 
effects of blast phenomena on fuselage-type 
aircraft construction, this componwt includes 
three other major test items of interest: a 
transparent canopy, a cockpit designed for 
pressurization, and a laminated-glass plastic 
radar dome (see Figs. 2.2 to 2.4). 

2. The F-47 wing panels with ailerons and 
flaps h•:.talled were selected as typical wing 
construction and control-surface-type construc
tion suitable for a qualitative observation of the 
over-all effect of an atom bomb. Of greater im
portance is the fact that they offered the op
portunity to observe the differential-pressure 
effect upon, and behavior of, lightly constructed, 
completely closed metal-covered control sur
faces (see Figs. 2.5 to 2. 7 and 5.3). 

3, The 8-17 elevators were selected to study 
the behavior of typical fabric-covered control 
surfaces. This elevator was a particularly good 
article for this study since a large number of 
high-explosive tests had been conducted and 
evaluated on this same type of surface. Fa!lric
covered controls are still in general use and 
are particularly susceptible to the thermal ef
fects following the detonation of an atomic bomb 
(see Figs. 2.8 and 2.23). 

4. Vented and unvented cylinders and airfoils 
were designed specifically for this teat as an 
initial attempt to derive a simplified, economi
cal test article for use In qualitative Investiga
tion of the differential-preaaure phenomena on 
closed aircraft atructure,1 (aee Fig. 2.9). 

A review of data to be i::ollected by other 
organi&ationa indicated that general enginHring 
and acientific data on the thermodynamic and 
aerodynamic phenomena of the Euy Day atomic 
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bomb burst were suffil'ient to meet the r equire
ments ut the USAF with two exceptie, ns. A r e
quirement existed !or the accurate measure
ment of the overpressure vs time at each of thC' 
four test sites. Also required was a determina
tion of the angle of inclination of the blast fr ont. 
An interferometer-type instrument (Buck 
gauge) was selected for the pressure-time 
measurement and was positioned about the test 
articles to give a pressure-field study. 

The requirement for measuring the angle of 
the blast front with the chord of the !l'odels 
developed at such a late date that it was neces
sary to use only the equip'llent that was readily 
available. A high-speed motion-picture pro
cedure was selected as most adaptable for each 
test site, and a mechanical system was devised 
in addition as a check at one of the most impor
tant sites. 

The probability of the destruction of aircraft 
structures by the release of radiant energy due 
to an atomic bomb became more realistic with 
the opening discussions on the H-bomb. There
fore the temperature survey conducted under 
Project 8.2 was· added at a later date as a 
feasible way to initiate some measurements 
from which the thermal problem could be more 
clearly understood and from which practical 
answers could be gained while theoretical 
studies were in process. Temperature meas
urements were made mainly by utilizing eutectic 
metal alloys. This method of instrumentation 
permitted the gathering of a large quantity of 
data regarding the highest temperature experi
enced by portions of aircraft structures of vari
ous types under many conditions. Several 
measurements of temperature rise · ., time 
were made on the metal akin of the models, 
using fine-wire-typ~ electrical-resistance 
gauges and the magnetic-tape recording system. 

2.2 SELECTION OF ISLAND TEST SITES 

In general the number of apeclfic teat articles 
and the repetition of teat• at various ranges 
were limited by the economic• and logistics of 
the altuation. However, it was determined es
aential that a minimum of four range• or teat 
altea be e1tabll1hed 1n order to derive auitaMe 
enginHring datL 

The •election ~ the range of the teat article• 
or teat altea with reapect to the center of the 

.... 
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blast was based entirely on the uverpressures 
as predicted for the estimated yi eld of the Easy 
Day atomic bomb. However, l.n antic ipation of 
various errors in the theor etical knowledge of 
effects on aircraft structures up to the date of 
preparation for the Easy Day test and of the ef
fect of terrain and In order to bracket the re
quired data, Identical te11t articles were placed 
at four ranges on four island test sites (Table 
2.1). 

and the fundamental data a\'ailable prwr t<l th <' 
tes t are given in Table 2. 2. 

2.3 GENERAL LAYOUT OF TEST SITES 

The anticipat ed primary obstacle to the 
achievement of the objectives of the ground 
test program was the possibility of error beinf( 
introduced irito the load and response measur e-

TABLE 2.1 TEST ARTICLES AND EQUIPMENT AT EACH 
ISLAND TEST SITE 

Test Articles and Equipmrnt 

Instrumented kit articles: 
Rigid model 
Structural model 
Swept model 

Unlnstrumented test articles: 
F-47 wing panel 
F-8'0 fuselage section 
B-17 elevator 
Airfoil section 
Cylinders 

Test equipment for measuring 
atomic bomb phenomena: 

Interfe. ometer (Buck gauge) 
Supersonic vane type 

(angle of shock front) 
Subsonic vane type 

(angle of sl!ock front) 
Electronic chronograph 

(angle ci shock front) 
Fastax camera system 

(angle of shock front) 

After the desired range for each group of test 
artlclea wu eatabllahed, the specific ialanda 
were •elected, baaed primarily on range from 
the •bot tower and alao on other prerequiaitea, 
•ucb u boat-landlnl condition•, availability d 
electric power, and freedom from aerodynamic 
interference from natural or manufactured ob
Jecta, The abbreviated names d the four ialand 
teat alt•• •elected u moat nearly meetlnc the•e 
requlrementa were Encebi, llusln, Teltelr, and 
BokoD. A u.t of Project I.I ialand teat altea 

Number on Each Site 

Engebi Muzin Teiteir Bokon 

2 2 2 2 
2 2 2 2 

2 2 2 2 
1 
1 1 1 1 
6 6 6 6 
2 2 2 2 

2 4 4 4 
1 

4 

menta owing to reflection and deflection of the 
•hock front cauaeci by beach, ground, or tree 
effect• or change of the air-mus movement by 
teat articles of otl,er projects in the immediate 
area. Therefore every effort was extended to 
prevent or alleviate troubles 11 this nature. The 
array of teat articles wu located well forward 
on the ialanda (with the exception of Engebl) but 
at a great enough diatance from the water'• 
edge to minimize beach effect. Whenever lt wu 
required, trua and other natural object• were 

{ . 
~ r ,... . .. 

L , 
- ··--- - - -·· --~--·-·'"··• -- .. ·• -



r 
-- e-
::

 

.. C
 

T
A

B
L

E
 2

.2
 

P
R

O
JE

C
T

 8
.2

 I
S

L
A

N
D

 T
E

S
T

 S
IT

E
S

 A
N

D
 R

E
S

P
E

C
T

IV
E

 D
A

T
A

• 

R
an

g
e 

(T
es

t 
O

v
e
rp

re
ss

u
re

 a
t 

A
rt

ic
le

s 
to

 
S

it
e 

o
f 

T
e
st

 A
rt

ic
le

s 
(p

si
) 

P
o

in
t 

d
 

A
-

Is
la

n
d

 N
am

e 
b

o
m

b
 B

u
rs

t)
 

O
b

se
rv

ed
 

E
st

im
at

ed
 

an
d

 S
y

m
b

o
l 

(f
t)

 
fo

r 
50

 k
t 

fo
r 

60
 k

t 
E

n
g

eb
i 

(E
) 

4
,0

2
0

 
9

.5
 

11
.8

 
ll

uz
in

ba
ar

it
ku

 (
S

) 
6

,8
7

8
 

3
.4

 
4

.2
 

T
ei

te
ir

ip
u

cc
h

i 
(Q

) 
1

2
,0

0
0

 
1

.5
 

I.
 7

5 
B

ol
to

na
ar

ap
pu

 (
P

) 
1

6
,6

1
4

 
0

.9
 

1
.1

5
 

*B
aa

ed
 o

n 
a 

p
re

d
ic

te
d

 A
-b

o
m

b
 s

tz
e
 d

 
60

 k
t.

 

E
st

im
at

ed
 E

la
p

se
d

 
T

im
e 

fr
o

m
 B

o
m

b
 

B
u

rs
t 

to
 A

rr
iv

a
l 

o
f 

S
h

oc
k

 F
ro

n
t 

at
 

T
e
st

 A
rt

ic
le

s 
(s

ec
) 

1.
4 

3
.5

 
7

.7
 

11
.6

 

E
b

ti
m

at
ed

 
P

ea
k

 G
u

st
 

V
et

o
ci

ty
 

(f
t/

se
c
) 

--
-

-
--

-
--

-
~ 

-

D
u

ra
ti

o
n

 o
f 

P
os

it
iv

e
 P

h
a
se

 
(s

ec
) 

O
b

se
rv

ed
 

E
st

im
at

ed
 

fo
r 

5
0

 k
t 

fo
r 

60
 k

t 
-

---
-

-
-

-
-

--
·-

-

51
0 

0
.9

5
 

1.
0 

21
0 

1.
01

 
1.

4 
93

 
1

.4
0

 
1.

 7
5 

60
 

1.
 7

3 
1

.9
5

 
-
-
-
-

·-
~

-
-

-
-

-
-
-
-
-

·· -
. 



,. 

\.. 

removed fr om al l sides of the ta rget array to a 
great enough distance lo decr ease possibilities 
of disturbance of the shoc k wave. 

An area 200 by 300 ft about the test artic Jes 
on all island test sites was stabilized with 
asphalt. This served the dual functi on of pro
tecting the instrumentation from sand and dust 
prior to, and during, the atomic explosion and 
permitting ease of operation of the heavy erec -
lion equipment. To reduce the hazards to the 
test articles and equipment due to impingement 
of flying debris, all the ground area between the 
target array o: each test site and the shot tower 
was thoroughly cleaned of all debris (driftwood , 
roots, and other foreign objects). Additional 
s!ablliz:ation of the dust and fine sand was per
formed by spraying with an oil-salt-water 
emulsion. Figures 1.8 and 1. 10 are views of 
Telteir illustrating the preparation of the island 
terrain for the test site. It can be seen that the 
trees and brush were cleared from all sides of 
the teal site. The very dark areas, one immedi
ately in front of the asphalt paving around the 
teat articles (the asphalt paving appears fairly 
light in the photographs) and another along the 
beach area, are the water-oil emulsion applied 
Just prior to shot day. These strips were oiled 
to stabilize the deep fine sand which had been 

· uncovered by grading. The area between the oil 
strips was fairly well stabilized by th!? vegeta
tion. 

Only a very limited amount of theoretical or 
empirical data was available and applicable at 
the initiation of this project to determine the 
heights above the ground at which it would be 
nece&1ary to support the rigid, structural, and 
swept models to avoid ground interference and 
the lateral separation distance that would be re
quired between test items to avoid mutual inter
ference with the blast phenomena. Ten f.et 
above the ground was selected as a practical 
height for the pylons to support the models, The 
pylons for these models were required to be 
extremely rigid, and therefore it w:ia inadvis
able to dulp the pylona to an lncreued height 
above ground. Many advantages were gained b, 
arrangement of all the teat articlH ol thla 
project Into one group at eacb teat alle. Some 
of the maJ :,r advantages were economy and eue 
In the erection of teat articles, a more choice 
selection of avallable terrain, and eue In the 
maintenance of a clear path to the shot tower. 
Becaue of the urodyaamlc cleanllneu of tbe 
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te st arti rles and ther efore the r e lat1\'l'I\' s ma !l 
di sturbance of the blast wave, 20 ft wa s sl'IPr t ,•ct 
as a pr a!'lica l di stance to ma1nta111 b!'l wc•Pn th,• 
anchor bases (s ee Fig. 1.10 ). 

2.4 DESCRrPTION OF :EST ARTICLES Ar.O 
MOUNTING STRUCTURES 

The test apparatus be ing utilized un P rn1,•ct 
8.2 included thr ee types 0f wing model s, rig i<i, 
straii,:ht-structural, and swept-back- s tructu ra l, 
together with their instrumentation anJ record 
ing equipment; small vented and unvent ed air
foils and cylinders; standard fighter fu se lages 
and wing panels; and both fabric - and meta l
covered control surfaces. Detailed desc riptions 
are given below. 

2.4. 1 Rigid-wing Models 

The rigid-wing models were specifically de
signed to determine the differential chordwise 
pressure distribution and to measure lift, drag, 
and moment forces. An NACA 652-015 airfoil 
(see Tablt 2.3) was used with a 5-ft span and a 
2-ft chord, supported between pylons which 
served as end plates for the flrlw (Fig, 1.1). 

A wing of high rigidity was desired to reduct: 
distortion of the airfoil section and to have a 
bending frequency high enough to be well sepa
rated from the frequency of the forcing func
tion. High rigidity was obtained by utilizing 
cast nose and tail 11ections, 1/2-ln.-thick ribs, 
and 1/,-ln.-thick skin, all of aluminum alloy (see 
Fig. 2.10). The section moment of inertia was 
22.6 in.' for the rigid wing. The wing weigh ' J 
151,5 lb, exclusive of the balance system. 

The noae and tall sections of the model were 
both large castings, cored for weight reduction. 
Special cutters were employed to shape the 
cutlngs to obtain unifc• , mity and adhere to 
close clearances. Heavy 1-ln.-thick spars were 
fastened to the castlng1, and six ribs were .1 sed 
to form an integral 1tructure. The 1/,-ln. skin 
wu futened to the ribs and the two castings in 
order to add to the wing atiffnesa. The top skin 
or panel wu removable for access to the prea
aure gauges contained in the model. The spars, 
located at 25 and eo per cent of the chord, ax
tended u a reduced section 'I ln. beyond the 
wing surface and were designed to attach to the 
balance ayatem lnaide the supporting pylon. 

UNG
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The balance system was designed for the 
measurement of the dynamic r esponse of the 
rigid wing to a forcing function with a frequ ency 
below 10 ~ps, The system was designed to fa-
cilitate separation of the lift , drag, and moment 

TABLE 2.3 AIRFOIL NACA 652-015• 

y 

k - ~ 
. )( 

X X y y 

(Cf C) (in.) (% C) (in.) 

0 0 0 J 

0,5 0.12 1.124 0,2698 
0. 75 0.18 1.356 0.3254 
1.25 0.30 1. 702 0,4085 
2.50 0.60 2.324 0,5578 
5.0 1.20 3,245 o. 7788 
7.5 1.80 3.959 0,9502 

10. 0 2.4 4.555 1.093 
15.0 3.6 5,504 1.321 
20.0 4.8 6.223 1.494 
25.0 6.0 6. 764 1.623 
30.0 7.2 7.152 l. 716 
35.0 8.4 7.396 1. 775 
40.0 9.6 7,498 l.800 
45.0 10.8 7.428 l. 783 
50.0 12.0 7.168 1. 720 
55.0 13.2 6. 720 1.613 
60.0 14.4 6.118 1.468 
65,0 15.6 5.403 1.297 
70.0 16,8 4.600 l. 104 
75.0 18.0 3.744 0,8986 
80.0 19.2 2.858 0,6859 
85,0 20.4 1.977 0.4745 
90.0 21.6 1.144 0.2748 
95.0 iu 0,428 0,1027 

100.0 24.0 0 0 

• Leading edge radius= 1.505 per cent of 
chord = 0,3812 where chord = 24 In. 

reaction• d the wing model (see Fig. 2.11). 
The wide range of loads predicted at the aitea 
nece11ilated greater reduction d the apar end• 
on four d the rllld model• to provide atraina 
d meuurable magnitude at the diatant teat 
aitea. 

UNClASS\HEtl. 

1 he heavier spar ends were designed to ha\'(' 
linear r esponse up to a static load of 2,250 lb 
lift and 200 lb drag for installation at 4,020 ft 
(Engebi) and 6,878 ft (Muzin) from ground zero. 
The lighter spar ends were designed to hav e 
1 inear response for static loads up to 500 lh 
lift and 50 lb drag for installation at 12,000 ft 
(Teiteir) and 16,614 ft (Bokon). 

2.4.2 Structural-wing Models 

The structural-wing models were mounted as 
cantilever wings (see Fig. 1.1) and were instru
mented to obtain bending, shear, and torsion 
stresses at three spanwise stations. 

The models were designed in a two-spar con
ventional sheet-stringer aluminum-alloy con
figuration utilizing the sam :? NACA 652-015 air
foil section as the rigid-wing models discussed 
previously. The two spars were located at 20 
a:1d 60 per cent of the chord and were formed 
from 0,091-in. aluminum alloy. 

The spars were riveted to machined alumi
num channels (Figs. 2.12 and 2.13) that extended 
7 in. into the supporting pylon, which in turn 
fitted into a heavy steel root-fitting box. This 
box was adjustable and enabled the wings to be 
rotated to the 6° and 9° posit ions used in the 
test. 

The structural-wing models had a constant 
chord and thickness, with a span of 84 in. and a 
chord of 24 in. The ribs were spaced 12 in. 
apart and were formed from 0.051-in. alumi
num sheet. The trailing edge was milled from 
bar stock, and the skin was flush-riveted to it 
to retain an airfoil shape of close tolerance. 
The wing tip was formed from a single sheet of 
0.051-in. aluminum-sheet stock. The section 
moment of inertia was 4.09 in.' for this wing. 

A skin thickneBS of 0,051 in. was used to 
withstand crushing at an overpressure of 10 psi. 
This heavy 1kin resulted In a wing that was 
very stlff in bending; conaequently lead weights 
were Incorporated In the wing to reduce the 
first bending frequency to approximately 4,2 
cps. These lead weights (see Fig. 2.14) were 
placed between the spars and grouped In three 
concentrated muses of 70, 70, and 150 lb at 
diatancea d Ill, 43, and 73 In., respectively, 
from the root, u 1hown in Fil•• 2. 15 and 2.18. 
With the lead muae1 lnatalled, the first bend
ing frequency wu apprcmmately 4.3 cpa, the 
aecond bending frequency wu approximately 33 
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cps, and the first torsion frequency was ap
proximately 49 cps. The t0t.:.l weight of the wing 
waa approximately 338 lb, including the 290 lb 
of lead masses. 

The skin in the nose section and on the u;,per 
surface was removable to afford access to the 
Interior of the wing. The remainder of the skin 
and the wing tip were flush-riveted to the spars 
and ribs. 

2.4.3 Supporting Structure for Rigid- and 
Structural-wing Models 

The supporting structures for the rigid- and 
the straight-structural-wing models were given 
the name "pylons." The pylons were required 
to be very rigid In order to minimize any feed
back from the deflection of one wing model to 
another. Since two rigid and two structural 
wings were to be Installed at each site in order 
to provide complementary data at two different 
specified angles of attack, it was decided to 
mount the wings In a group of four, placed end
to-end spanwise and supported by three equally 
apaced pylona, each of which supported two 
wing ends. The rigid wings were mounted in the 
the middle with a vertical stagger in order that 
the balance mechanisms could be enclosed 
within the pylons. The pylons also acted as 
end plates on the rigid wings. The structural 
winga were mounted as cantilevers on the outer 
pylona. Removable access panels were utilized 
to provide a means for installing the wing mod
els and instrumentation leads. The composite 
lnatallation of structural and rigid wings Is 
ahown In Fig. 1.1. The pylons were ctesigned 
with three vertical steel columns (8WF34) 
covered with ½-in.-thick steel plate. The lead
ing and tralling edges were fabricated with 
aluminum-alloy sheet and ribs. The moment of 
inertia wu 1,434 in.' for the pylona. Steel tie 
roda were employed to further increase the 
atWneaa of the pylons. 

2.4.4 Reinforced-concrete ease for Rigid- and 
Structural-wing Models 

A reinforced-concrete bue wu poured at 
each al the four ialand teat altea to anchor and 
aupport ~tie pylona. Two concrete deadmen were 
poured to anchor the outer tie roda. The mala 
conc:rete bue bad a rectansular planform 
meuurlng 14 ft laterally, 10 ft lonlitudlaally, 
Uld 3 ft In depth. The concrete mus wu the 

same for the two near est si tes, and th e di m!'n
sions were s lightly r educed at the two di stant 
s tations . Forty-two 31.-in. J -bolts, with the hooks 
under the lower reinforcing rods, we re set in 
the concrete in a pattern to match the mounting 
holes in the bottom flanges of the pylons . 

2.4.5 Swept-wing Models 

The swept-wing models were designed s inu
larly to the structural-wing models but with in
creased length and a 35° sweepback. The swept
wing models were mounted at an 83/c° angle of 
incidence as cantilever wings (F ig. 1.3) and 
were instrumented to obtain bending, shear, and 
torsion stresses at three spanwise stations, as 
were the structural-wing models. 

The construction of the swept wing was 
similar to that of the structural model , having 
the same section properties except for the two 
inboard bays. These two bays were heavily re 
inforced, and the root bay was cut to give the 
wing a 35° angle of sweepback. The root -fitting 
box was redesigned to allow for the sweepback 
but followed the s..me iteneral design as in the 
structural model. 

The swept-wing model u1oed the same NACA 
652-015 airfoil with a 24-ln. constant chord. 
The ribs and wing tip were placed perpendicular 
to the leading edge for ease of fabrication. The 
rib spacing was 12 In. , and the two spars were 
located at 20 and 60 per cent of the chord. The 
spars were formed from 0.091-in. aluminum 
alloy. 

The effective span of the swept wing and 
structural wing In the air stream was the same. 
Owing to the two added bays, however, the 
swept wing required the addition of fewer 
weights to reduce the stiffnesa to a desired 
value. The lead weight• were grouped in three 
concentrated masses of 45, 45, and 90 lb at 
respective dlatances of 241/ 4, 481/4, and 911/4 in. 
from the root (Fig. 2.17) measured along the 
front apar. This addition d weight lowered the 
flrat bending frequency to approximately 3.8 
cpa and the second bending frequency to 
approximately 27.3 cp1. The total weight of the 
wing wu 250 lb. 

2.4.11 Supporting Structure for Swept-wing 
Models 

The requirement• for a ripd aupporting 
structure also existed for the awept-wina 
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models. At each site a single swept wing was 
mounted as a cantil ever 10 ft above the ~rade 
level on a steel pylon s imilar tu those previ
ously described in SP1' . 2.4.3. , ylindrical rom
binalion tension-compression s truts were em
ploved nn the side opposite the wing model to 
provide additional rigidit y. No ti e rods were 
used on the swept-wing pylon. 

2.4 . 7 Reinforced- concrete Base for Swept
wing Models 

A reinforced-concrete base was poured for 
each of the four swept-wing installations to 
anchor and support the pylon-and-wing assem
bly. The rectangular planform of the base 
measured 14 ft laterally and 10 ft longitudinally. 
The depth of the concrete varied from 3 ft thick 
at the nearest test site to 1 ft thick at the far
thest test site. Two steel wide-flange beams 
(8WF67) were fastened to the top of the con
crete with '/,-in. J-bolts hooked under the lower 
reinforcing rods within the concrete. The steel 
beams extended the entire width of the base and 
were utlllzed to distribute the loads into the 
concrete and also to maintain the high rigidity 
requirements for the supporting structure. The 
steel pylon and the cylindrical side bracing 
struts were bolted to the steel beams. The 
mounted wing-and-pylon assembly is shown in 
Fig. 1.3. 

2.4.8 Small Airfoils 

In order to observe the effectlveneas of per
forations In relieving the crushing effect of the 
pressure differential to whlci1 aircraft struc
tures are subjected in the region of an atomic 
bomb burst, 1lx 1mall airfoils were Installed at 
each of the four ranges. These airfoils were 
mounted u vertical cantilevers on top of the 
horizontal steel beams on which other test 
equipment wu mounted. The six airfoils of 
36-ln. span and 18-ln. chord located at each 
aite con1l1ted ol three pain with varying 
amount• of venting, one model of each pair 
being at 0° angle of Incidence and the other 
member of the pair being at 221/z° angle of In
cidence. One pair wu unvented; the 1econd pair 
wu vented with three rowa of 1/,-ln.-dlameter 
holes, ei1ht holes to the row, making the total 
open area In the upper and lower aurfacea ol 
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eac h of thi s pair 2.36 sq in .; and the third pa ir 
was vented with the same number and arran~l'
ment of \12-in.-dia meter holes, making the tota l 
upen ar ea of each of this pair 9. 44 sq in . The 
r atios of vented area to internal volume we re 0. 
20 .3 " 10-4, .. nd 81.9 x 10-'. The system nf 
venting detail s of the small airfoils and the 
method of mounting are shown in F igs. 2. 5, 2. 9, 
2.18, and 2.19. 

2.4,Q Small Cylinders 

Similar observations were made of the effects 
of the differential pressures of the blast on 
small cylinders, both vented and unvented. 
These cylinders were fabricated of 0.051-in.
thick aluminum alloy , One pair of the cylinders 
was mounted at each test site. The vented 
cylinder was perforated with four axial rows of 
½-in.-dlameter holes, four holes to the row, 
giving a total open area of 3.14 sq In. for an 
enclosed volume of 2.040 cu in. The ratio of 
vented area to volume was 15.4 x 10-'. Installa
tion and details of the vented and unvented cyl
inders are shown in Figs. 1.8, 2.9, and 2.20. 

2.4.10 Fighter Fuselage 

Qualitative observations were made of the 
effects of the exposure of a conventional fighter 
fuselage section to thermal and nuclear radia
tion and blut preHures In the vicinity of an 
atomic bomb burst. The primary object of 
Interest waa the effect of the overpreasures, to
gether with thermal effects on the preasurlzed 
cockpit section and Its transparent enclosure. 
The teat articles selected were the joined nose 
and mtdaectlona of the F-80 aircraft. One fuse 
lage section waa Installed at each of the four 
teat sites. The fuselage wu mounted horizon
tally on structural steel supports which were 
attached to heavy steel beams anchored to a 
reinforced-concrete bue. The canopy wu 
closed and locked, but the aeala were not In
flated. The tail section and the wings were not 
Included in the Installation. The noaes ol these 
fuselages contained a conventional radar dome 
conatating ol croea-banded glua fabric lami
nated with polyester resin. The resin incorpo
rated aufficient carbon to give the proper elec
trical propertiea, which in turn made the dome 
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black in appearance. The test setup is s hown in 

Figs. 2.2, 2.21, and 2.22. 

2.4.11 Fighter Wing P anel s 

Eight outer wing pane ls of fi ght er airrraft 
were exposed in pairs at each of the four 
ranges. The wings wer e standard stoc k items 
for the F-47 aircraft. The wina!;s were mounted 
at the normal dihedral angle plus 90°, so that 
the installed position was nearly vertical. One 
of each pair of wing panels was vented inter
nally In such a manner that pressure differ
entials were minimized within the wing. Wing 
guns were not Installed, but the blast tubes 
were open on the leading edge. The wings were 
rigidly attached by means of steel brackets to 
heavy steel beams anchored to a reinforced
concrete base (Fig. 2.5). The rectangular sur
face o: the base measured 16 ft laterally and 
10 ft longitudinally, with the thickness varying 
(according to range) from 4 to 2½ ft. 

2,4. 12 Airplane Control Surfaces 

The effects of differential pressure due to an 
atomic bomb blast were observed on aircraft 
control surfaces, which are relatively fragile 
sections compared to the main structure of the 
aircraft. Both fabric-covered and metal
covered surfaces were exposed. The fabric
covered surfaces were 8-17 elevators mounted 
vertically on tubular steel supports which were 
bolted to heavy steel beams anchored to a rein
forced-concrete base (Figs. 2.23 to 2. 27). The 
elevator consisted of an aluminum-alloy struc
ture covered with aircraft fabric and doped with 
a sllver finish. The part used was a standard 
8-17 elevator ls8Ued from Air Force stock. 
The metal-covered control surfaces consisted 
of standard Alr Force stock ailerons and flaps 
mounted In a normal flight attitude (0°) on the 
tralllng edges cl the F-47 wing panels dlscuased 
In Sec. 2.4.11. Both the metal-covered and 
fabric-covered control surfaces were oriented 
parallel to the direction of blut propagation in 
order that any damage sustained would be due 
to dlfferenttal-pres8Ure cru1hlng and not to 
aide-on loading. The 8-17 fabric-covered ele
vator wu aomewhat 1hlelded from the high
temperature thermal radiation by the 8~rln,
d1ameter •upportlng tube, u may be noted In 
Fi,.2.23. 

2.5 APPARATUS AND INSTALLATION FOR 
MEASURING BLAST PHENOMENA 

Although the original as s •Jmption was that ihe 
blast front (shock wave) would be practira llv 
ve rtical at the 10-ft elevat ion when • the win~ 
models we r e installed, it was lat er dec ided to 
attempt to measure the actual an;.: le of att ack. 
Owing to the tim e schedule, only ex is ting 
available equipment could be cons idered !or 
measuring the angle of attack. Three methods 
were used to measure this portion of the blast 
phenomena. These are described separate!,· in 
subsequent paragraphs. A pressure -time survcv 
was also made utilizing equipment that had heen 
dc!!igned and used previously on other blast 
surveys. 

2. 5.1 Vane-type Angle-of-attack Indicat or s 

Two types or vane-operated angle-of- attack 
indicators were chosen to measure the angle of 
attack of the air mass behind the shock front. 
The first choice, installed at the Engebi site, 
utilized a split triangular vane mounted on a 
conical body containing the pivot point for the 
vane and the unbonded strain-gauge sensing 
element (see Fig, 1.20). This Instrument, which 
was fabricated by Statham Laboratories, per
mits a minimum mass for the vane and has 
been tested for accuracy of response under 
supersonic conditions. The second choice, ex
pedient because additional Instruments of the 
first type were not available, consisted of a 
vane mounted at the rear of a slender body, 
pivoted at the center of maas (see Fig. 1.22). It 
ls referred to as a "weather-vane-type angle
cl-attack indicator." The pivot point, the cam 
movement, and beam on which strain gauges 
were bonded were contained in a cylindrical 
body with an elliptical nose. Thia Instrument 
wu Installed at the Muzln site, Because of the 
relatively large maas cl this Instrument, Its 
response to dynamic conditions is poor. The 
vanes or small wings cl the spllt-trlangular
vane instruments wt;re re•trlcted from flapping 
and were held In a position cl 0° angle of attack 
by the lnatallation cl a fiberboard card which 
wu eully removed by the flrlt touch of the 
shock front. Thia lmprovlaatlon wu neceHary 
to reduce the la, tendency and unde• lrable 
oeclllatlona on flrlt encounter with the high
velocity air. Thla temporary addition wu 



brought about by the late introduction of an in
strument designed primarily for the measure
ment of the change in angle of attack while 
operating in a continuously moving air stream. 

Although two different types of vane-type 
angle-of-attack indicators were utilized, one on 
Engebi and one on Muzin, their installations 
were similar. They were supported 65 in. 
above the ground by an arrangement of steel 
tubing welded to the large forward strut of the 
swept-wing pylon. Figures 1.21 and 1.23 lllus
trate the installation of the angle-of-attack 
indicators. 

A third choice of angle-of-attack indicators 
was not employed because sufficient time was 
not available to design and complete the instal
lation. However, this method will be described 
because of its inherently greater accuracy and 
its applicablllty to future tests of this nature. 
This method woold consist in the fabrication of 
wedges in which differential-pressure gauges of 
the type used in the rigid wing would be in
stalled, with orUlces on opposite surfaces of the 
wedge. An arrangement of any number o, these 
wedges at varioos angles of incidence over the 
expected range of angles woold produce an 
equal number of data points at each interval of 
time, which would be plotted to indicate the 
angle cl attack. By this method the frequency 
response is as high as the response of the 
pressure-sensing instruments. The multiple 
lnatallaUon eliminatea the necesaity of correct
ing for air-mus velocity. 

2.5.2 Optical-type Angle-of-attack Indicator 
(Fastax Camera) 

An attempt was made to measure the angle of 
attack of the shock front in the vicinity of the 
aerodynamic and structural models located at 
the four selected islanda. Because of an ex
pected abrupt change of air preHure in the 
shock front, an attempt was made to use the 
principle of refraction to record an apparent 
discontinuity or break in a grid which wu 
placed in the camera field, Thia phenomenon 
WU photographed during a 10,000-lb high
expla.ive blut on 27 October 1950, at the 
Aberdeen Proving Grour d. As ahown in Fig. 
2.28, at A and B there la a dlatinct discontinuity 
or break in ropes suspended in the camera 
flekl, wlllch depicts the shock front. To photo
P'IPh the shock front durlng the E-day bomb 

H 

test, a high-speed Fastax motion-picture ra m
era with a 35-mm lens was used. The Fastax 
camera was operated at 2,000 fr ames p<'r se<·
ond. A protective canister for each camera 
was fabri cated as shown in Fig. 2.29 for pro
tection against the elements and possible flying 
debris. A sheet of plexiglas, covering the exit 
pupil of the canister, was automatically dropped 
out of the way before the camera started. On 
Engebi and Muzin the film was protected from 
radiation by placing lead bricks around the 
sides and over the top of the camera canister. 
On Engebi the lead bricks were stacked to form 
walls 8 in. thick on the end facing the shot 
tower, 6 in. thick on the top and the sides, and 
4 in. thick on the end away from the tower. On 
Muzin the wall thickness was 6 in. on the end 
facing the shc,t tower and 4 in. on the top, sides, 
and the end away from the tower. Timing marks 
were placed on the film at 1/120-sec intervals by 
the use of normal 60-cycle 110-v current sup
plied to the camera. A grid in the camera field 
was placed in front of the test articles or be
tween the test articles and ground zero. The 
grid was constructed by suspending 1-in.-diam
eter 10-ft lengths of pipe on four cables as 
shown in Fig. 2.30. The foor cables were 
moonted with a 1-to-3 slope from the ground to 
a B-17 elevator support and on a line which 
would project to ground zero. One pipe was 
plumbed and mounted at the midpoint of the 
sloping pipes, to be uaed as a vertical refer
ence line. Two ping-pong ball• were suspended 
between each of the grid pipes to give an addl
tional indication of the passage of shock front 
and air movement. 

Information was obtained previous to the 
atomic teat that artlfici,d lights woold be re
quired to light the target or grid on all test 
sitea. This was accomplished by moonting two 
banka of high-intenaity lighta slightly below 
ground level. One bank consisted of six llghta, 
the other of five. These 750-w light• were 
mounted and aimed as ahown in Fig. 2.31. 

Owing to the short running time cl. the camera 
at the desired apeed, the starting time had to be 
carefully controlled. Thia wu accompliahed by 
uaing the - 1 sec signal provided to start se
lected delay timers, which in turn, through a 
central control (see Ftp, 1.10 and 2.32), started 
the Futax camera 1. 11 aec before the expected 
time of arrival of the -shock front. In addition 



to the above, the delay timers turned on the 
lights prior to camera starting time and turned 
off the camera and lights after the film was 
expended. 

The location of camera and grid with respect 
to test articles Is shown In Fig. 1. 10. The 
angle-of-attack camera was mounted partly be
low ground to minimize possible bomb dam~e 
and was mounted at an angle so that the top of 
the picture frame was parallel with the grid 
which, as stated above, was set up with a slope 
of 3 to 1. The camera was mounted perpendicu
lar, 44½ ft from the grid and 5 ft In front of the 
leading edge of the test articles. The two banks 
of lights used to Illuminate the grid were 
mounted on a line between the grid and camera 
and approximately 24 in. from the grid. 

2.5.3 Electronic-chronograph Method of 
Determining Angle c:l Attack 

Owing to the possibility of Irregular and un
known Illumination adversely affecting the opti
cal (photographic) method of angle-of-attack 
determination, It was daclde'd to attempt to de
vise an additional method of making this meas
urement. It was necessary, because of the time 
limitation, to utilize available equipment for the 
supplemental method al angle-of-attack deter
mination. The ayltem selected incorporated 
mechanical diaphragm-type blast switches to 
trigger high-speed electronic counters to meas
ure time dlfferentlala over a known geometric 
apace pattern. A suitable electronic chrono
graph was found in the Potter Instrument Co. 
model 450, with alight modifications to provide 
for remote operation and to extend the total
count range. Since the electronic counters have 
no "memory," It was neceHary to Improvise a 
means al recording the Indicated count prior to 
1011 of electrical power to the system. A Speed 
Graphic ltill camera waa employed to record 
the total count automatically. 

The site on Muzln (11,878 ft from ground zero) 
wu selected for the installation c:l thla equip
ment. Four counters were In aatlafactory work
Ing order just prior to E-day. The apace pat
tern wu eatabllahed so that a single blast 
nltch would start all the counters simultane
ously, and four blut switches mounted on a 
vertical pole 38 ft downwind from the Btarttnc 
switch would atop Individual counters. The 
ltarttnc switch wu located 10 ft above the 

ground. The stopping switches wert> located at 
4, 10, 13, and 19 ft above the grade level. Tht' 
installation of the common startinr, switch 1s 
shown in Fig. 2.33; the installation of the indi
vidual stopping switches is shown in Fig. 2.3-1. 
The two switches at the 10-ft elevation fur
nished the velocity component. The blast 
switches were set to trigger the counters at an 
overpressure of 1.8 in. of water (0.09 psi). This 
differential was considered necessary to pre
vent premature contact and triggering due to 
the prevailing climatic winds (up to 20 and 30 
knots). (The predicted blast overpressure for 
this site was 4.2 psi.' Since continuous power 
could not be guaranteed from the central station 
following the detonation of the bomb, the power 
required for operation of the electronic count
ers, relays, and the two delay timers was ob
tained from a 25-kw 60-cycle 117-v portable 
generator (see Fig. 2.37). One delay timer was 
utilized to reset the electronic counters to zero 
just prior to shot time, and the other timer was 
set to trip the camera shutter after the blast 
wave had passed the test site. Time signals 
were furnished from a central control to oper
ate relays on the site at -30 min, -5 sec, and 
-1 sec. The - 30 min signal was used to turn on 
the electronic counters for warmup. The - 5 sec 
signal triggered the delay timer for automati
cally resetting the counters to zero, and the -1 
sec signal tripped the delay timer that con
trolled the camera-shutter solenoid. Trigger
Ing voltages for the electronic counters and for 
the camera solenoid were from dry-cell batter
ies. The electronic counters, signal relays, 
delay timers, and Speed Graphic camera were 
housed In the reinforced-concrete Instrument 
room provided primarily for other Instrumen
tation. Figure 2.35 shows the arrangement of 
the electronic counters as viewed from the 
recording-camera position (see also Fig. 2.36). 
The circuit diagram for automatic operation of 
the electronic-chronograph qle-ot-attack sys
tem la shown In Fig. 2.37. 

2.5.4 OverpreHure Variation with Time: 
Measuring Apparatus and lnatallatloo 

Interferometer-type pressure-time gauges, 
frequently termed "Buck gausea," were utilized 
to measure the actual overpreaaurea acting on 
the tell article's al thla project. Thia gauge la 
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of comparatively new design, utilizing a modi
fied 35-mm Fastax high-speed camera to 
record the interference fringes produced by 
pressure acting on a thin, circul:i.r, optically 
plane fused-quartz diaphragm attached to a 
fixed, heavier, slightly concave, and partly 
mirrored quartz backing plate; the similar 
area on the thin diaphragm is completely re
flecting. A monochromatic light (5,461 A) is 
contained within the instrument and is directed 
through the backing plate to produce interfer
ence rings over the mirrored area. The genel'al 
arrangement of the interferometer head is 
shown in Fig. 2.38. 

The circular interference fringes are viewed 
by the camera through a slit, giving the appear
ance of a transverse series of light and dark 
spots, the exact displacement being a function of 
the prea111re acting on the diaphragm. In nor
mal operation the film ls 1et in motion at a high 
rate of speed, and the spots are recorded as a 
aeries of lines (no camera shutter). As the 
pressure on the diaphragm la varied, the lines 
(spot1) move laterally on the film. The total 
number of lines observed on the film at any 
inatant, nbtracted from the total number of 
lines observed with only atmo1pherlc preuure 
acting on the diaphragm, ia proportional to the 
pressure at that time. The time bue wu sup
plied by a 500-cpa cry1tal-controlled oaclllator 
uaed in conjunction with a amall argon lamp to 
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produce known-frequency timing marks along 
the edge of the film. Power for all phases of 
the gauge operation was supplied from dry-cell 
batteries. Thus the unit was entirely self-suffi
cient. Delay-timer devices were necessary to 
actuate the gauges at the proper interval after 
the bomb detonation to record the arrival of the 
blast front and the history of the subsequent 
pressure variation. A total of 14 interferometer 
gauges was installed to make a pressure survey 
for Project 8.2. Bracketing of the individual 
teat sites was accomplished bv installing inter
ferometer gauges in front of and behind the test 
installation, except at Engebl where only the two 
forward gauges were installed. These were dis
placed laterally at the forward edge of the site. 
Since the bracketing was very close compared 
to the range from the shot tower, pressure 
variations between gauges were expected to be 
small, and hence the malfunctioning of a gauge 
would not result in a complete loss of data at 
the teat site since a weighted average could be 
used to compensate for the loss of results from 
a single gauge. All gauges were installed so 
that the quartz diaphragms were at the ground 
level, and the remainder c1 the gauge was en-
c loaed in a steel box below the ground line. 
Lead brlcka were uaed around thP. steel boxes 
to protect the film from radiation at the neareat 
teat site. The location• c1 the individual gauges 
at each teat site are shown in Fig. 2.39. 



Chapter 3 

Instrumentation of Test Articles 

3.1 GENERAL PROBLEM OF INSTRUMEN
TATION 

In the original planning for this project the 
instrumentation problem consisted in the selec
tion of measuring elements and an automatic 
recording system for recording the data meas
ured by the elements. It was evident at the in
itiation of this project that approximately fifty 
assorted types of measurements would be re
quired at each test site. A partial listing of the 
quantities measured Is shown In Table 3.1. 

The operational details Included a number of 
abnormal requirements for the Instrumentation. 
It was determined that the recording system 
and other elements of the instrumentation would 
neP.d to be installed in a partially buried Instru
ment house to the rear of the test articles. The 
sensing element or measuring device would 
have to be Installed in the test articles, and in
formation measured therefrom would have to 
be transmitted over a distance of approximately 
90 ft to the instrument house. The entire in-
11trwnentatlon system had to operate automati
cally approximately 24 hr after the evacuation 
of all personnel. Thus it was necessary to pro
vide a simple and reliable system that would 
energize all the elements of the Instrumenta
tion, Initiate the recording cycle, and terminate 
at the conclusion of the record. 

The neceHity of maintaining and operating 
the Instrumentation under very severe field 
conditions further emphasized simplicity, not 
only of each Item of equipment but of the over
all Instrumentation plan as far as poHlble. 
Because of the geographic location of the teat, 
it was necessary that the equipment be de-
1lgned to operate at high temperatures, under 
environmental condlllona of high humidity, and 
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in the presence of severe corrosive media and 
fungi. In the selection of the instrumentation 
for this test it was necessary to consider very 
ca -efully the ability of the instruments to sense 
and record, in a very brief time interval, the 
required data while being subjected to both 
severe shock and vibration. This was ex
tremely important because of the nature of the 
shock and the fact that the shock effects on the 
equipment were likely to obscure the data at 
precisely the critical time. 

All these requirements led to the selection 
and development of a basically electronic 
measuring and recording system. 

3.2 RECORDING SYSTEM 

The selection of the appropriate technique of 
recording for this project required considerable 
research. Initial advice indicated that the 
present standard method of recording, by 
means of bifllar-type galvanometers, would not 
give satisfactory service owing to the severe 
shock conditions. It was therefore necessary to 
select a recorder wt.ich was Inherently Im
pervious to shock. An expedient selection In 
this regard was the magnetic-tape recorder. A 
prototype of such a recorder had been recently 
completed by the Webster-Chicago Corp., and 
preliminary teats Indicated several desirable 
features appllcable to this project. &.me of 
these features Included sufficiently fast re
sponse characteristics, satisfactory operation 
with resistance-type sensing Instruments, and 
good performance under adverse climatic con
ditions. Furthermore this type of recording 
system already had been selected and Its pro
curement had been Initiated for Project 8.1 and 
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TABL E 3.1 NUMBERING CODE AND DESCRIPTION OF THE QUANTITIES 
MEASURED BY EACH INSTRUMENT CHANNEL• 

Location 

Left-hand structural wing, Serles -01 : 
Station 1, t outboard 
Station 1, outboard 
Station 1, outboard 
Station 2, intermediate 
Station 2, intermediate 
Station 2, intermediate 
Station 3, inboard 
Station 3, inboard 
Station 3, inboard 

Left-hand rigid wing, Serles -02: 
Strain measurement on spar 

extension 
Strain measurement on spar 

extension 
Strain measurement on spar 

extension 
5% chord 
10% chord 
15% chord 
20% chord 
40% chord 
80% chord 

Right-hand rigid wing, Serles -03: 
5% chord 
10% chord 
15% chord 
20% chord 
40% chord 
BO% chord 
Strain measurement on spar 

extension 
Strain measurement on spar 

extension 
Strain measurement on spar 

extension 

Right-hand structural wing, Serles -04: 
Station 4, Inboard 
Station 4, Inboard 
Station 4, Inboard 
Station 5, Intermediate 
Station 5, Intermediate 
Station 5, Intermediate 
Station 8, outboard 
Station 8, outboard 
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Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 

28 

27 

211 
29 
30 
31 
32 
33 
34 
35 

---- -- ----- ---·--
Quantity 
Measured 

Bending 
Torsion 
Shear 
Bending 
Torsion 
Shear 
Bending 
Torsion 
Shear 

Drag 

Lift 

Moment 

Differential pressure 
Differential preHure 
Differential preHure 
Differential preHure 
Differential preHure 
Differential preHure 

Differential pressure 
Differential preHure 
Differential preHure 
Differential preHure 
Differential pressure 
Differential preHure 
Drag 

Lift 

Moment 

Bending 
Torsion 
Shear 
Bending 
Torsion 
Shear 
Bending 
Torsion 

.. 
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T A HU. 3.1 \Continued ) 
- -------------·-··"- -----•· ---·-----

Locatwn 

Stat ion 6, out boa rd 
Stat ion 10,t fr ont spar web 
Station 11, inside skin surface 
Station I 2, outside skin surface 

Swept wing, Serles -05: 
Station 7, inboard 
Staticlh 7, inboard 
Station 7, inboard 
Station 8, intermediate 
Statton 8, intermediate 
Station 8, intermediate 
Station 9, outboard 
Station 9, outboard 
Station 9, outboard 

Front swept-wing-pylon 
cylindrical strut 

- --- ---- ----- -- --- --- - --- ----- - ----

Number 

36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 

41A§ 

Qua nt ity 
Meas ur ed 

Shea r 
Temperature 
Temperature 
Temperature 

Bending 
Torsion 
Shear 
Bending 
Torsion 
Shear 
Bending 
Torsion 
Shear 

Angle of incidence to 
the ground of high-
velocity air fol-
lowing blast wave 

• Number code and description were identical for each of the lour test sites. 
t Stations 1 to 9 ar1> the spanwlse stations for the structural and swept 

wings (Figs. 2.15 to 2.17). 
t For station• 10 to 12, the location• of the temperature gauge• are ahown 

on Figs. 2.16, 3.9, and 3.10. 
Unatalled only on Engebl and Muzln (Figs. 1.20 to 1.23). 

Pr01ram 3. The procurement of thla type of 
Instrumentation therefore offered many logistic 
and operational advantages. Ten recorder•, 
two for each test site and two spares, were 
procured from the Webster-Chicago Corp. and 
were used as the recording system for Project 
8.2. 

The magnetic -tape recording system operates 
on a phase-modulation principle. A 3, 750-cps 
slgnal Is lmpreased on a Wheatstone bridge 
aenalng element, and the output signal ts added 
to a voltage at quadrature to produce a algnal 
which 11 shifted In phase with reapect to a 
7,500-cps reference signal. Theae algnala are 
combined and then recorded aa a single tm
pre11lon on ma,netic tape to obtain one chan
nel of data. There are 24 111ch channel• on 
each mqnetlc tape used In thla syatem. 

Phyalcally the recorder conalata of the two 
unit• ahown ln Fl&, 1.14. The flrat of theN 11 
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the amplifier unit , which contains the Indi
vidual gauge circuits with the necessary con
trols for balancing and adjusting each circuit . 
The second unit ts the recorder, which con
s ists of a tape-transport mechanism, power 
supply, and control circuits. 

The amplifier consists of the gauge-power
source generators and power components com
mon to all channels, together with 24 separate 
plug-In amplifiers. These plug-In amplifiers 
are Identical. They are standard amplifiers 
which provide a linear output response to fre
quencies from O to 500 cps. Controls are pro
vided on the front surface of all amplifier units 
for realatance and capacitance balancing. Thia 
permit• adjuatment for variation In gauge• and 
connecting circuits. 

The recorder contain• the power and start
Ing clrculta, along with the tape-tranaport 
mechanlam. The tape la made of a plaatlc, 
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coated un one surfare with fe rr ic n.'<ide . The 
tape is C()ntained on a reel and is driven past 
the rec ord;ng heads at a speed of approximately 
24 in. / sec. An automatic time r switch is pro
vided to shut off the recorder at the end of a 
preset period of time. A centrifugal switch is 
provided which will turn off the recorder when 
the tape has been completely exhausted on the 
supply spool. Two means of starting the re
corder are provided. By means of one recep
tacle, initiation of the recording cycle is 
accomplished by short'.ng two pins; through the 
other receptacle, the cycle is initiated by 24-v 
direct current applied from an external source. 

The records obtained at the time of specific 
measurement, as discussed earlier, are in the 
form of an invisible magnetic orientation on the 
plastic tape. A two-channel reproducing system 
was used for transcribing the magnetic ir.~preE. -
&ions on the tape into a visual presentation. 
The tape is transported through a recording 
head assembly similar to those In the reco11er. 
In this head assembly the magnetic lmpressi,,ns 
are reproduced as electrical signals equivalent 
to the original signals used to form the imr,res
sion. Two of the reproduced signals art' se
lected for visual presentation and are trans
formed by amplifiers Into output signals which 
are linear functions of the unbalance of the 
original Wheatstone bridge sensing element. 
These output signals are applied either to an 
osclllographlc recorder employing bifllar-type 
galvanometers or to a chart recorder of the 
direct-inking type, thereby presenting visually 
the measured quantity as a function of time. 
The recorder was designed to have a linear 
signal output through the visual reproducing 
system up to approximately 140 per cent of a 
known reference signal, defined as the "cali
brate" signal. For a typical gauge installation 
for the measurement of the bending moment, 
the 140 per cent signal level occurred in the 
region of the elastic limit of 24 ST aluminum 
alloy. The output of other gauge installations 
also produced a linear signal output to at least 
140 per cent of the calibrate signal. 

S.S SELECTION OF SENSING ELEMENTS 
FOR WING MODELS 

Strain pupa used on the test articl11 to 
meuure lift, dra,, moment, bendlnl, lhear, 

and torsion loads "-'C're BaldN1n-South.1"ark 
AX-5, A-7, and A-13 l{auges , having a nom111,1l 
resistance of 120 or 350 ohms. Thl' St' gaugc>s 
were selected because they are small and thc>r
mally stable and because they were known from 
previous experience to be very reliable . It was 
known from Operation Sandstone that the cli
mat ic conditions at the test site would have an 
adverse eHect on strain gauges that were not 
given a protective coating. A contract was 
awarded to Purdue University to investigate 
comme1 cial strain-gauge adt..,sive and pro
tective coatings under conditions of high tem
perature, high humidity, and salt spray. From 
the tests conducted by Purdue Univers;ty it was 
determined that gauge applications •Jsing Gen
eral Radio Co. cement with a protective coat
ing of Petrosene wax would endure the concfi
tions of high temperature, high humidity, and 
salt spray better than applications using the 
othH combin1otlona of adhesives and protective 
coatings which were tested. All strain gauges 
installed in the teat articles were applied and 
protected with these materials. The function 
and location of the various strain-gauge bridge 
circuits for each wing model are described In 
Sec. S.4. 

An extensive search was made for preHure 
transducers adpquate to measure the dlffer
entlal-preHun distribution over the rigid-wing 
models. It was originally Intended to use 
resistance-bridge-type sensing elements with 
r~slstance unbalance directly proportional to 
the imposed preHures and with negligible re
actance unbalance so that complicated phase
shift problems would not exist when the sensing 
elements were employed with a phase-sensitive 
recording system. Several prototypes of such 
resistance-bridge sensing elements were con
structed and submitted for teat by leading in
strument manufacturers. None of these proto
type• satisfied all teat requirements before the 
deadline date for awarding a production con
tract. Under theae circumstances a preHure
sensing element employing a variable-reluc
tance principle, neceHitatl"i the use of an 
electrical coupling unit, was selected after 
bei"i submitted for teat by the Wlancko Engi
neering Company, Altadena, Calif. These 
transducers were of the differuttal type capa
ble of meuurlng preuure differentials to 
10 pal, The reaponae to preaaure was linear 
wlthln ~ per cent up to 500 cpe, with a maxi-
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mum rise time of 0. 7 msec to 90 per ce nt of 
the full-s cal e output. Tlte coupling un it was r e 
quired to eliminate obj ectiunal phas,' variat ion 
from the transduce rs, to compl ete the bridge of 
which half was the transducer, and to match ti1e 
impedance of this bridge to the standard gauge 
amplifier . 

3.4 INSTRUMENTATION OF WING MODELS 

3.4.1 Structural- and Swept-wing Instrumen
tation 

The instrumentation for the structural- and 
swept-wing types was almost identical. l'hree 
spanwise stations were chosen on each model. 
The structural-wing spanwise stations were 
located at 15'/4, 391

/ ,, and 631
/ , in. from the root, 

and the swept-wing spanwise stations were lo
cated at approximately 12, 35, and 71 in. from 
the root, as measured along the 50 per cent 
line . For ease In Identification these stations 
will be frequently referred to as "inboard," 
" Intermediate," and "outboard." 

Strain gauges were instalied at each st'.ltion 
to measure bending moment, torsion, an1 
tr .nsverse shear. All strain gauges wne In
stalled on the front and rear spars since, by 
design, these were the primary load-carrying 
members for both wings. The strain-gauge 
arrangement on the wing spars was similar for 
all 1tatlon1 on both the structural and the •wept 
wing• . Three types of strain gauges were em
ployed: the Baldwin-Southwark A-13, 300-ohm; 
AX-5, 120-ohm; and A-7, 120-ohm gauges. The 
last two types of gauges were used to produce 
low-resistance bridges for greater sensitivity 
where the test loads were expected to be small. 

Figure 3.1 Is a pictorial sketch of a typical 
instrumented station. As shown In this sketch, 
gauges A to D were located on the Inside sur
face of the front and rear spar caps to measure 
bending. Gauges E to H and E' to H' were lo
cated on the spar webs to measure torsion. 
Gauges I to L and I' to L' were located on the 
spar webs to measure transverse shear. The 
gauges ider,Ufied by the prime notation are not 
labeled on Fig. 3.1 but are the corresponding 
phantom gauge• on the opposite side of the spar 
web from the gauges identified without the 
prime notation. The eight-gauge bridge with 
gauge• on both • ides of the spar webs, as used 
for the tor• ion and •hear channels, was in•talled 
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tu ellm1nall' spurious s 1~11als r aused b;· lur .11 
buck! 111 f( . Figur e 3. 2 s hows the s rhe mat 1r wir
ing diagra m (or the b+.> nding, t ur s inn, ,rnd , tu• a :· 
c·hannels . Figures 2.15 tn 2.17 presl' nt thl' ,,1·p r

all phys ical and electrical layout and numb!>rin~ 
code fu r the structural and swept wint(s . 

3.4.2 Rigid-wing - model Instrume ntation 

The total lift, drag, and moment fo rces acting 
on the rigid wings were measured by an integral 
weighing system utiliz ing strain gauges mount ed 
on the wing-spar extensions . The wing-spar 
extPnsions were attached to a bal ance systPm 
(fig. 2.11) designed to eliminate r e straint 
against rotation at the fr ont spar and to furni s h 
pin-ended supports at each end of the four 
spars to provide reaction against chordwise 
and normal forc e components . With th is sys
tem the normal force component was measured 
as the output signal provided by a Wheatstone 
bridge composed of four A-13 gauges mounted 
to measure the strain at the top and bottom of 
the front spar extensions at the points of maxi
mum stress. Inasmuch as the rear spar ex
tensions comprised the only restraint against 
rotation of the rigid wing about an axis through 
the center of the front spar, the bridge com
posed of the gauges on the rear spar extensions 
provided an output signal proportional to thP 
moment about this axis. The chordwise force 
component was measured by the output signal 
of a similar gauge Installation on the front and 
rear surfaces of the front spar extensions. Al
though the rear spar also provided restraint 
against chordwise force components, the strain 
resulting In the front spar extensions provided 
a linear output signal accurately proportional 
to the chordwise force components applied to 
the wing. 

The measurement of the chordwlse dUCer
entlal-pressure proClle at midspan of the rigid 
wing was accomplished by the Installation of 
the Wlancko pressure gauges within the rigid 
wing. Pressure orifices of 1/4-ln. diameter were 
drilled normal to the top and bottom surfaces 
of the wing at the 5, 10, 15, 20, 40, and 80 per 
cent chord stations. High-pressure tubing con
nected these orifices to the pressure chambers 
of the Wlanrko gauges, except at the 40 per 
cent chord station where the wing structure 
permitted direct entry of the orifices to the 
preHure chamber• (1ee Fig. 3.3). Measure-



ment uf the differential pressures at the s ix 
chordwise stations as a functi on of time pro
vided an alte rnate method of obtaining total 
lift, drag, and moment fo rces. Figures 3.4 and 
:J .5 show the instrumentation diagrams for the 
rigid wings. 

3.5 RIGID- AND STRUCTURAL- WING 
MODELS: CAMERA INSTALLATION 

In order to record any blast damage that 
might occur to the rigid- and structural-wing 
mo1els and to photograph any debris hitting the 
r.1odels which could be correlated with any er
ratic readings of the r ecording instruments 
within the models, a high-speed Fastax motion
picture camera with a 35-mm lens was used. 
The Fastax camera was operated at 500 frames 
per second. The camera was mounted and pro
tected In a similar manner as described in 
Sec. 2.5.2. 

Information obtained before the atomic test 
Indicated that artificial lights would be neces
sary. Seven high-Intensity lights mounted 
slightly below ground level and in front of the 
rigid- and structural-wing models were in
stalled as shown In Figs. 1.2 and 3.6. The 
lights and camera were turned on and off at the 
proper time through the use of the same typ(' of 
electrical control as described In Sec. 2.5.2. 

The location of the camera with respect to 
the rigid- and the structural-wing models Is 
shown In Ftp;. 1.10. The camera was mounted 
33½ ft In front of the leading edge of the base of 
the pylons which supported the rigid- and 
structural-wing models, that Is, between the 
wing models and ground zero. 

3.6 TEMPERATURE-MEASURING DEVICES 
ANO INSTALLATION 

3.6.1 Maximum Temperature Survey: Temp
Tapes 

A device wa~ developed for measuring peak 
temperatures, in either transient or steady 
state, by C. Fredericks of the Wright Air De
velopment Center (WADC) for this temperature 
survey. This device, which 11 referred to as a 
"Temp-Tape," essentially consists of a series 
of low-melting-point alloy foils held In place on 
the adhesive side of a heat-resistant tape strip. 
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It may be installed at any co nve nient tim!' pr in r 
to the temperature rise under investigation and 
can be examined fo r I esult» at any convenient 
time after cooling. 

The design of the Temp-Tape used by Proj
ect 8.2 consisted of two small strips of alloy 
foil, about 0.0025 in . in thickness, superim
posed one on the other . The two strips are 
sandwiched between two sheets of aluminum 
foil or between a sheet of aluminum foil and 
one of thin paper, and this entire assembly is 
attached to the adhesive side of a strip of te•n
perature-resistant adhesive tape (Fig. 3. 7). 
The tape serves a dual purpose: it affords a 

means e,f holding the foil sandwich together and 
allows a method of attaching the foil sandw,ch 
to the surface to be measured. A temperatu~e 
range of 117 to 511 °F was covered in distinct 
steps of melting points, with a differential of 
approximately 20°F. 

The Temp-Tape is a convenient device for 
measuring the maximum temperature attained 
on the back side (the side away from the radi
ation source) of a sheet-metal or opaque struc
ture . However, when Temp-Tapes are installed 
on the front side (that Is, facing the radiation 
source) or the back side of a transparent struc
ture, the temperature measured Is questionable 
owing to the Influence of reflection and absorp
tion of radiation by the gauge and by the trans
parent material prior to reaching the gauge and 
owing to other similar phenomena. Although 
the results from the latter type of lustallatlon 
are questionable, Temp-Tapes were utilized In 
this type of application. The Temp-Tapes are 
attached to the surface In a maMer similar to 
that In which a Band-Aid would be applied. 
After the test the Temp-Tape Is removed, and 
the protective covering is cut away from the 
alloy foll. The foll Is then examined by eye or 
with the aid of a microscope for the melting 
and fusion, and a comparison Is made with the 
calibration curves for the peak temperature 
attained. 

Each of the four Island test sites was in
strumented for a temperature survey In exactly 
the same manner. An attempt was made to In
stall the Temp-Tapes in positions such that 
each test article could be surveyed for maxi
mum temperatures. 

The test articles were Instrumented with 
Tem11-Tape1 at the following locations: 
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1. F-80 fuselage : 
(a) Art or left insia 0 sidewall of left-hand 

intake duct 
(b) Inside windshield side windows 
(c) Inside left nose access door 
(d) Inside windshield glass 
(e) Inside top or canoµy plt'xiglas 
(f) Forward face or nose compartment art 

or wall 
2. F-47 wing: 

(a) Inside top wing surface in wheel-well 
area. first and second bay aft or bulb 
angle stringer 

lb) Forward race of rear auxiliary spar in 
wheel well 

(c) Rear race leading edge spar, wheel-well 
area 

(d) Inside bottom wing surface, in aileron
inspection doors 

(e) Outside top surface, Just inboard of 
gun-Inspection doors 

3. Small airfoil sections, 4 in. aft of leading 
edge 

4. Small cylindrical sections, 6 in. aft of 
leading edge 

5. Rigid-wing model, Inside of bottom skin, 
Juat aft of forward spar 

6. Rigid-wing model, aft of face of fo1 ward 
spar 

7. Structural-wing model, Inside of bottom 
skin, Just aft of forward spar 

8. Structural-wing model, aft of face of 
forward spar 

9. 8-17 elevator: 
(a) Inside leading edge fairing, 6 In. aft of 

leading-edge vicinity of tab-lni.pectlon 
door 

(b) Inside of top surface on fabric, vicinity 
of tab-Inspection door, placed at about 
40 per cent chord 

3.6.2 Temperature Variation with Time: 
Electrical-resistance Gauges 

Only 3 of the 48 channels per site were as
•llned to measure the variation of temperature 
with time. With this limited number of chaMels 
the location• of meuurement points werv se
lected to obtain the beat poaalble survey of the 
temperature conditions moat likely to affect the 
structural characteristics of aircraft wings. 
Thia wu accomplished by locat1111 the tem
perature-meuurement points on a structural 

....,. .. ---·----... 

win!( tr 1~ht hand whr n fa Ct nf! tnwpr I at ,•,1\'11 t,·,t 
si te as fnll "ws : ThP I,1 wpr ext (' rna l ,;ki n ,;urf.1, , · 
jus t art n! th(" }("adinl( l'd~ (', a co rrPsp11nd 1111.: 
po int on the int ernal sk in surface , and th P !ll r 
ward surface of the front spar web. 

In order to measure temperatures on both 
the inside and outside surfaces of the tl'St :i rt 1-
cl e ,;, it was nC' cessary that the te mpl' ratur<•
sens rng elements used on the outside surL1 n ·s 
should not affect the air Uow around the tc> st 
articles and that the sensing el ements used on 
the inside surfaces should be easily mount ('d 
within a limited working space. Both types of 

gauires were also required to be durable , hiithly 
sensitive, and or matching impedance for the 
Webster re corder. The Trans-sonic S-101 
surface-temperature gauge fulfilled the r e 
quirements for the internal gauge since it was 
easily installed with screws, but it was too 
large for external use. The Ruge-de-For est 
St ikon resistance thermometer fulfilled the 
requirements for the outside gauge _ 'nee it had 
an applied thickness of only 0.005 in. Both 
gauges fulfilled the electrical requirements fo r 
this test. 

Care was taken to ensure that the ir,ternal 
ga·.iges were securely mounted In contact with 
the surface. In addition, silicon grease was 
placed between the gauges and the surfaces as 
recommended by the manufacturer for better 
heat conduction. The external - surface gauges 
were cemented to the wing with bakelite cement 
at 250 to 275°F temperatures, under 100 to 
200 psi pressure. Leading-edge contour forms 
and clamping fixtures were designed and fab1 1-
cated for this operation. After the gauges were 
affixed, holes were drllled through the winit 
skin to provide entrance for the gauge leads 
Into the wing. The gauges were then covered 
with aluminum paint mixed to match tt,e color 
of the wing models (Fig. 3.8). 

Since both gauges were of the resistance type 
suitable for the active arm of a Wheatstone 
bridge, the completion of each bridge with three 
Inactive arms was required. Trans-sonic 16-5 
balancing bridges were used to complete the 
Trana-sonic gauges, and the bridges for the 
Stlkon gauges were fabricated from resistance 
elements. The three arms required for com
pletion of each bridge were not appreciably af
fected by changes In temperature. In addition, 
this part of each bridge was placed Inside the 

., 
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right-hand pylon for protection against thermal 
radiation. 

Figure 3.10 shows the general location of the 
temperature gauges in the leading-edge section 
of the second bay of the right-hand structural 
wings. Figures 2.16 and 3.9 show the exact lo
cation of the gauges in this section. In Fig. 3.9 
the distance from the right rib to the nearest 
edge of the external-surface gauge, station 12, 
was 1 ½ in. The corresponding distance to the 
internal-surface gauge, station 11, was 4 in. 
The spar-web gauge, station 10, was located 
6 in. from the right rib. The design of the 
gauges prevented their emplacement on small 

radii of curvature; however, the internal- and 
external-skin-surface gauges were located as 
close as possible to the leading edge, dimen
sionally, 1';, in . , measured from the theoretical 
leading edge along the airfoil contour to the 
forward edge of the gauge. The angles of inci
dence of the thermal radiation on the external
skin gauge were 24.6° and 25.6°, respectively, 
for Muzin at 6,878 ft and for Teiteir at 12,000 ft. 
Since temperature is affected by the normal 
component of the thermal radiation, which 
varies as the sine of the angle of incidence, the 
assumption of 25° for both sites Is sufficiently 
precise for calculation. 
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Chapter 4 

Calibration 

In order to achieve the maximum accuracy of 
the quantitative results obtained from the var
ious instrumented test components, calibration 
procedures were established and conducted to 
determine the specific response to a known 
forcing function. Details of the calibration 
methods used for the different types of instru
mentation are given In this chapter. 

For those parts of the calibration involving 
the Webster recorder, the test points for the 
calibration curves, plotted as a function of 
applied load vs visual signal deflection In 
terms of percentages of the calibrate signal, 
closely followed straight-line patterns. Accord
ingly, all calibration curves were plotted as 
the best straight lines through the test points. 
The applied load required to produce a visual 
signal deflection equal to the deflection pro
duced by the calibrate signal was defined as the 
calibration factor. These calibration factors 
are listed In Table 4.1. 

4.1 RIGID-WING MODELS 

The instrumentation of each of the rigid-wing 
models was calibrated for lift, drag, and mo
ment forces in a specially designed jig con
structed of steel I-beams. Thia jig was made 
very rigid to minimize distortion at the support 
points which held the chord plane of the model 
level for application of the calibration forces. 

The lift calibration force was applied by 
means of lead-shot bags distributed on the 
model so that a uniform spanwlse force acting 
downward through the 215 per cent chord line 
was produced. Thia force waa applied In 250-lb 
Increments from Oto 1,1500 lb. 

The drag calibration force was applied hori
zontally through a system of three loading 

trays , each supported by a cable led over a 
pulley to a bridle that rested against the lead
ing edge of the model. The bridle design and 
spacing thus pr• iced a distributed spanwise 
force acting in t chord plane of the model. 
This drag force ,s applied in 30-lb incre
ments from O to . 10 lb. 

The moment calibration force was applied 
at midspan by means of a jig that clamped 
around the wing. This jig had two arms, one 
extending forward of the leading edge and one 
extending aft of the trailing edge. A cable 
fastened to the front arm led over a pulley to 
a loading tray. A similar loading tray was 
attached directly to the aft arm so that equal 
loading of the trays would produce a pure cou
pling force. This force was applied In 500 in .
lb increments from O to 3,000 in.-lb. 

A 5-sec magnetic-tape recording of the drag, 
lift, and moment channels was made for each 
increment of the respective forces. Calibration 
curves of force vs deflection In terms of the 
percentage of the reference calibrate signal 
were plotted. These curves were approximate 
straight-line functions; similar gauge Installa
tions had similar calibration curves so that a 
limited number of calibration curves were 
sufficient for the reduction of drag, lift, and 
moment data. 

The differential-pressure gauges for the 
rigid wings were calibrated prior to Installation 
In the wings. Twelve gauges were attached to a 
preBSure block equipped with a preBSure-lnlet 
tube and a mercury manometer. One preBSure 
Inlet of each gauge and of the manometer was 
left open to atmospheric preHure. After the 
zero and reference-calibrate-signal recordings 
were made, compressed air was allowed to 
flow through the preasure7 lnlet tube into the 



TABLE 4.1 CALIBRATION FACTORS AND MAXIMUM ERRORS FOR 
INTELLIGENCE CHANNELS BY TEST SITE 

- -•-· ·----·--

Maximum Error by 
Percentage of Test Points 

Channel• Calibration Factort 99.7% 95% 67% Unit 
- ----------·- ---~ --·---- - - - -----·--•------------ ----

El 32 X 103 3,200.0 2,100.0 1,100.0 in.-lb 

E4 32 X 103 3,200.0 2,100.0 1,100.0 in.-lb 
E7 32 X 103 3,200.0 2,100.0 1,100.0 in.-lb 

E9 39 X 102 390.0 260.0 130.0 lb 
Ell 13.3 X 102 130.0 89.0 44.0 lb 
E13 58.9 X 10-I 0.59 0.39 0.20 psi 

E15 54 X 10-I 0.54 0.36 0.18 psi 
E16 M X 10-1 0.54 0.36 0.18 psi 
E17 54 X 10-I 0.54 0.36 0.18 psi 
E18 44.2 X 10-I 0.44 0.29 0.15 psi 
E19 54 X 10-I 0.54 0.36 0.18 psi 
E20 49.1 X 10-I 0.49 0.33 0.16 psi 

E21 54 X 10-I 0.54 0.36 0.18 psi 
E28 -35.8 X 103 1,800.0 1,200.0 600.0 in.-lb 

E31 -32x103 3,200.0 2,100.0 1,100.0 in.-lb 
E34 -32x101 3,200.0 2,100.0 1,100.0 ln.-lb 
E40 51.4 X 103 5,200.0 3,500.0 1,700.0 ln.-lb 
E41A -10 2.9 1.9 0.97 °F 

E43 32 X 101 3,200.0 2,100.0 1,100.0 ln.-lb 
E45 28 x 101 280.0 190.0 93.0 lb 
E46 -32 X 101 3,20G.O 2,100.0 1,100.0 in.-lb 
E48 28 x 101 280.0 190.0 93.0 lb 

84 32 X 101 3,200.0 2,100.0 1,100.0 ln.-lb 
811 11.75 X 101 110.0 72.0 36.0 lb 
814 54 X 10-1 0.54 0.36 0.18 psi 
815 44.2 X 10-I 0.44 0.29 0.15 psi 
816 -54 X 10-I 0.54 0.36 0.18 psi 
817 58,9 X 10-I 0.59 0.39 0.20 pal 

819 54 X 10-I 0.54 0.36 0.18 psi 
820 -88.5 X 10-I 0.66 0.44 0.15 psi 
822 -49.1 X 10-I 0.49 0.33 0.16 pal 
830 -38. 75 X 101 390.0 260.0 130.0 lb 
831 32 X 101 3,200.0 2,100.0 1,100.0 in.-lb 
837 11.27 X 10 6.3 4.2 2.1 °F 

838 11.27 X 10 8.3 4.2 2.1 °F 
839 14.98 7.9 5.2 2.6 °F 
843 32 X 101 3,200.0 2,100.0 1,100.0 ln.-lb 

848 32 X 101 3,200.0 2,100.0 1,100.0 ln.-lb 

l 
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TABU: 4.1 (Continued ) 

Maximum Error by 
Perr enta~e of Tes t Points 

Channel• Calibration Factort 99. 7(f 95% 67 % Unit 
- ----- -- --

Q28 32 X 103 3,200.0 2,100.0 1,100.0 in.-lb 
Q39 14.98 7.9 5.2 2.6 •y 

Q40 51.4 X 103 5,200.0 3,500.0 1,700.0 in.-lb 
Q43 32 X 103 3,200.0 2,100.0 1,100.0 in.-lb 
p None 

- - - - - - --

• Letters preceding the channel numbers indicate test sites: E, Engebi, 
4,020 ft; S, Muzin, 6,878 ft; Q, Teiteir, 12,000 ft; P, Bokon, 16,614 ft. 

t After reduction of test-data-signal deflections to percentages of calibrate
signal deflection, multiplication of the percentage values by the calibration 
factor converted the test data into units corresponding to the measured function. 
(The calibration factors may be applied to interpretation of the records pre
sented In Figs. 4.1, 5.61 , and 6.1 to 6.10 . ) 

pressure block. The signal mechanism of each 
of the 12 gauges was deflected by this increase 
In differential pressure, and the electrical out
put from each gauge was recorded for 5 Fee on 
the magnetic tape. The differential-pressure 
reading of the manometer was noted for each 
preBBure Increment applied. After the calibra
tion had been completed, lhe deflf'ctions on the 
visual reproduction of the magnetic tape were 
comi-,red with the manometer readings. Graphs 
of trace deflection In terms of percentage of 
reference calibrate signal vs manometer read
Ing In Inches of mercury were made. These 
plotted calibration curves were approximate 
straight-line functions. The gauges were suf
ficiently similar In electrical output to permit 
the use of only a few composite calibration val
ues for the reduction of test data. 

4.2 STRUCTURAL- AND SWEPT-WING 
MODELS 

The Instrumentation of each of the structural 
and the swept wings waa calibrated for bending 
moment, shear, and torsion. Each wing waa 
supported u a cantilever structure by attaching 
the root-fitting box to a rigid steel framework. 

The calibration forces for the three measured 
quantities were applied at the same time by the 
proper choice of sill load points for each wing. 
ThrN of theae polnta were locate(I on the front 
1.-r and three on the rear apar. · rhree apanwtae 
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load stations were chosen In such manner that a 
load station was located slightly outboard of each 
of the three instrumented stations. Thus a load 
point was located on each spar at each station. 
The structural-wing spanwlse load points were 
31½, 52 1/2, and 73½ in. from the root (Figs. 2.15 
and 2.16). The swept-wing spanwise load points 
were 20¼, 44¼, and 861/2 in. from the root, 
measured along the 50 per cent chord line 
(Fig. 2.17). 

The calibra tion forces were applied in 200-lb 
Increments at each of the load points In succes
sion. These forces were applied upward on the 
lower surface of the wings by means of a dyna
mometer and a loading jack. The jack and dyna
mometer were placed directly under one of the 
load points of the wing, with the jack resting on 
the dynamometer platform. The dynamometer 
scale was adjusted to compensate for the weight 
of the jack. The jack pad was then raised to the 
load point to apply upward forces, the magni
tudes of which were read on the dynamometer 
scale. 

For each load increment at each load point 
a 5-sec magnetic-tape recording was made of 
all the bending, shear, and torsion chaMels in 
the wing. The bending moment, shear, and tor
aion at each inatrumented station were also 
calculated for each load increment at each load 
point. Thus with the visual reproduction of the 
magnetic-tape record a graph of bending mo
ment, toraion, and shear vs the percentage of 
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calibrate signal could he made for each instru
mented station. Since the wings were not loaded 
beyond the elastic lim it and since the strain 
gauges and the rec orders were desi gned to 
yield linear si1mals up to that limit, the plotted 
curves were appruxi mat cl y straiµ:ht-line func
tions. These functions wen found to be identical, 
withir the limits of accuncy of the magnetic
tape recorder, for similar channels; therefore 
one function could suffice for several such chan
nels. This was to be expected since all struc
tural and swept wings were of like design and 
construction and since the gauge installations 
and calibration loadings were similar in many 
cases. 

4.3 CALIBRATION OF TEMPERATURE 
GAUGES 

4.3 . 1 Temp-Tape Maximum Temperature 
Survey 

During the development stage of the Temp
Tape temperature-measuring devices, It was 
discovered that the melting points of the low
temperature alloys did not appear to corre
spond to the temperatures at which fusion of 
the alloy foils occurred. This indicated that a 
comprehensive calibration program would be 
necessary for accurate ,emperature determina
tion. Accordingly the Engineering Department 
of the University of California at Los Angeles 
undertook the task of calibrating the instru
ments. 

Before the calibration of the actual Temp
Tape was performed, a determination of the 
actual melting points of the alloys was made. 
It was found that each of the 14 alloys Involved 
had sharp, although not precisely eutectic, 
melting points, the largest melting range being 
about 3°F. 

The calibration was made by securing the 
Temp-Tape to a piece of sheet aluminum, irra
diating the reverse side of the sheet with photo
flood lamps, and checking the pieces of alloy 
foll for melting and fusion. 

All temperature measurements in the cali
bration runs were made with the aid of thermo
couples whose signals were amplified by d-c 
amplifiers and continuously recorded. The sur
face of the plate which was to be irradiated was 
blackened with dull-black brushing lacquer in 
order to increase !ta absorptivity. The radiating 
source was composed of two special 750-w 

photofl ood lamps . A thermocouple was wt>lded 
to the s urfa ce of the plate in order to rec ord 
the plate temperature . 

In general, s uccessive runs for any one a ll oy 
were taken by increasing the maximum plate 
temperature in 5 to !0°F increments. Arter 
each run the Temp-Tape was disassembled, and 
the amount of melting and fusion of the foils was 
noted. A calibration curve for each Temp-Tape 
was thus constructed, plotting percentage melt
ing and percentage fusion against temperature in 
degrees Fahrenheit. 

4.3.2 Electrical-resistance Gauges and Tem
perature Variation with Time 

The sensing elements of the BN Stikon and 
the Trans-sonic 16- 1 temperature gauges and 
their respective balancing bridges were suf
ficiently precise to permit calibration of only 
one of each type of gauge. One of each type of 
the sensing elements of these gauges was 
placed on an aluminum plate, simulating the 
actual Installation on a wing surface. This 
calibration sample was then placed In a small 
electric oven. The leads from the sensing ele
ments to the balancing bridges outside the oven 
and the leads from the bridges to the magnetic
tape recorder were of the same length as those 
used for the actual test articles. Temperature 
readings during calibration were taken with a 
mercury thermometer extending into the oven. 
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Prior to calibration, zero- and reference
calibrate-signal recordings were taken on the 
magnetic tape. At this time the temperature 
of the closed oven was read and found to be 
slightly higher than room temperature. This 
temperature was used as the reference tem
perature throughout the calibration and was 
within 2°F of the ambient temperature at the 
time of the test. 

The oven was then heated to various pre
determined te...-.peratures. At each of these 
temperatures :he contents of the oven were 
allowed to reach equ!l!brlum. When equ!librlum 
was reached, a 5-sec magnetic-tape recording 
was taken, and the temperature reading was 
noted. Calibration at these temperature steps 
was continued untll the maximum temperature 
of the oven was reached. 

The magnitude of the deflection steps on the 
visual reproduction of the magnetic-tape record 
was compared with the mercury-thermometer 
readings, and a graph was made of the deflection 
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in percentage of the calibrate signal \ 'S rhani;:e 
in temperature, defined as ~T. The pl otted 
curves were straii;:ht-line functi ons to ti.T 0 

305°F for the Stikon gauge and 6 T = 228°F for 
the Trans-sonic gauge. 

4.4 VANE-TYPE ANGLE-OF-ATTACK 
INDICATORS 

Because of the lateness of the decision to 
measure the angle of flow of the air mass behind 
the shock front, the consequent time schedule 
for delivery and installation of the vane-type in
dicators at the Forward Area allowed only a 
hurried field calibration with improvised equip
ment. 

Calibration of the split-triangular-vane indi
cator installed at the Engebi site was accom
plished by calculation from the electrical char
acteristics furnished by the manufacturer. These 
characteristics permitted the calculation of the 
magnitude of the vane deflection producing a 
bridge unbalance equivalent to the bridge un
balance produced by placing a 50,000-ohm resis
tor In parallel with one arm of the bridge. This 
was In turn equivalent to the'brldge unbalance 
Introduced by the calibrate resistor of the Web
ster magnetic-tape recorder; therefore the cal
culated vane deflection would produce a signal 
equal to the calibrate signal. Since the bridge 
unbalance of this indicator varied as a linear 
function of the angle of vane deflection, the re
sultant calibration curve was a straight-line 
function from zero to the intersection of the 
calculated vane deflection (abaclBBa) with 100 
per cent of the calibrate signal (ordinate). The 
magnitude, In degrees, of the calculated vane 
deflection was therefore the calibration fac-
tor for this Instrument. For confirmation of the 
direction of vane movement with respect to the 
sign of the calibrate signal, the vane was placed 
In positions of alight and full displacement In 
each direction, and 5-aec magnetic-tape re
cordings were taken. The visual reproductions 
of these records were then checked to deter
mine the direction of signal deflection. 

Calibration of the weather-vane type of Indi
cator Installed at the Muzln site was accom
plished by placing the vane at various angles 
aa measured by a machinist's bubble-level 
protractor placed on the portion of the vane 
parallel to the center line of the vane. At each 
of these angles, a 5-aec magnetic-tape record-
1.ni wu taken. The magnetic-tape record was 
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compared with the prot:a rto r ri>adin,:s . . tnd .1 

l! raph was prepared of the defler ti nn 111 p1•r
rentai;:e of the ralibr ;1te Sil!nal \ ' S the d1an ~P 111 
ani;: lP of attack . 

4.5 ELECTRONIC CHRONOGRAPH A'.':D 
BLAST SWITCHES 

The arcuracy specified for the hi f( h- spe l'd 
Plectronic chronograph is such that ca li1Jr.1ti"n 
of these components is not required. A r ~.e<' k 
was made to confirm that the perfor mance was 
equivalent to that sperified. This was done bv 
comparison with a signal output frequency of 
radio station WWV, Washington, D. C. Satis
factory reliability was demonstrated by all the 
chronographs . The mechanical diaphragm-type 
blast switches , however, possessed sufficient 
Inherent inertia to produce a definite lag time 
between the arrival of the blast wave and the 
following closing of the switch. This lag time 
Is large compared to the accuracy of the elec
tronic chronograph, and calibration is neces
sary to eliminate this unknown differential. The 
blast switches were calibrated Individually by 
mounting them In a shock tube and subjecting 
them to a shock-pressure differential of 3.4 psi, 
the same magnitude as that recorded on the test 
site at 8,878 ft from ground zero (Muzin). This 
corresponds to a velocity of 1,250 ft/ sec with
In the shock tube. ~he calibrations are shown 
In Fig. 4.1. Bast!d on seven teat runs, the time 
required for the shock to travel the 31-ln. 
timed distance was found to vary by 21 µsec, 
a deviation of 0.53 per cent. The Individual 
blast switches showed maximum deviations as 
follows: starting switch, 30.9 µsec; 4-ft switch, 
very erratic, Indicating unreliability (data from 
this channel have been eliminated); 10-(t switch, 
45.4 µsec; 13-ft switch, 7.1 µsec; and 19-ft 
switch, 20 µsec . 

Since the chronogr:1phs were fabricated at a 
late date and were not received until shortly 
before Easy Day, calibration could not be 
scheduled until after the bomb detonation. A 
shock tube and electronic-timing components 
were neceBBary to calibrate the Individual blast 
switches to determine the lag time between the 
arrival of the blast wave and the following clo
sure of the blast-switch contact. The average 
lag time determined from a series of runs In 
the shock tube was obtained for each blast 
switch and applied to the readings obtained 
from Easy Shot. 

. .... 
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Chapter 5 

Test Resu Its 

5.1 RE-ENTRY AND GENERAL OBSERVA
TION OF EFFECTS 

The detonation of the E-day atomic bomb at 
0630 on 18 April 1951 was observed by Project 
8.2 personnel from aboard the USS Sergeant 
Mower, anchored off shore of Parry Island. At 
0730 the Project 8.2 re-entry party left Parry 
Island for the island test sites. The first stop 
was made at Bokon at approximately 1000. No 
damage of any type could be visually observed 
on any of the test articles. All the instruments 
had functioned, and all observations lndlcated 
that they had functioned properly. The only 
outward appearances that indlcated that this 
site had been subjected to an atomic bomb ex
plosion were a few burned portions of the fabric 
material of the sandbags. No monitor proceeded 
with this group to Bokon or to Muzin, the is
lands having previously been surveyed by Pro
gram 2 monitors. After Program 2 recovery 
operations were completed, it was necessary 
for the monitors to leave these islands instead 
of remaining to escort succeedlng recovery 
teams. By the time a shuttle helicopter could 
be dlspatched to furnish monitoring service, 
Project 8.2 had completed its inspections and 
proceeded to Engebl, where results of the ini
tial survey were available. The radiation In
tensity at the time of re-entry was 1.0 r/hr. 

The re-entry party departed from Bokon at 
approximately 1045 and proceeded to Muzln, 
where the inspection was started at approxi
mately 1145. Here also very little disturbance 
to the Project 8.2 test articles was observed 
(see Fig. 5.1). Scorching of the paint and sand
bags in a few spots and erosion of the tempera
ture patches located close to the ground were 
noted. The 25-kw generator was still operating 

in good order, although the sandbag revetment 
had caved In about It (see Fig. 1.19), Debris, 
such as sheets of metal from the buildings to 
the rear, littered the asphalt around the test 
articles. The interior of the instrument house 
showed no indication of bomb damage. All in
struments had functioned and apparently in the 
proper manner and sequence. The small neon 
lights on the Potter counters were still lighted, 
permitting a direct reading of the total counts. 
The outward •appearances of the Muzln test site 
showed only slight indlcations of having been 
subjected to the atomic bomb burst, although 
the power of the bomb was quite evident in the 
demolished bulldlngs and debris of the sur 
rounding projects. The radiation Intensity de
termined by the initial survey was 0.3 r/hr. 

The re-entry party departed from Muzln at 
approximately 1145 and proceeded to Engebi, 
where the inspection was started at approxi
mately 1215. On this island test site, damage 
to various parts of test articles was evident, 
although no part of the Installation was demol
ished (see Fig. 5.2). All instrumentation and 
recording systems had functioned, and all evi
dence indicated that they had functioned prop
erly. At the Project 8.2 test site on Engebi the 
rate of radlation was approximately 0.1 r/hr. 

The re-entry party departed from Engebi at 
approximately 1300 and proceeied to Telteir, 
where the inspection was started at approxi
mately 1330. No damage was ,bserved on the 
test articles at this site. Fires were observed 
around the test site in the deadwood that had 
been cleared from the site. The instrumenta
tion and recording systems had all functioned 
properly at this test site except for the Fastax 
cameras. Power and relay troubles caused a 
malfunction of cameras and the lighting sys-
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tern. The rate of r adiati on on the Teiteir test 
site at the time of re-entry was approximately 
1.2 r / hr. 

5.2 VISUAL OBSERVATION OF EFFECTS ON 
TEST ARTICLES 

It appeared to be the opinion of practically 
all the people who Inspected the test sites prior 
to the explosion and also of those who were 
familiar with Project 8. 2 test Installation that 
the aircraft test structures on Engebl would be 
completely demolished. In the breakdown of the 
observation of effects on test articles that fol
lows, the details are practically all limited to 
the effect on the Engebl test articles since 
practically all cases of damage were confined 
to the Engebi test site, and thl'I was difficult to 
photograph at times since the extent of damage 
was very limited or of a minor nature. 

5.2.1 B-17 Elevator: Fabric-covered Control 
Surfaces 

No effects of the explosion could be observed 
externally or Internally on the B-17 elevators 
at Muzln, Teitelr, or Bokon (Fig. 2.8). The 
doped fabric was taut and showed no signs of 
deterioration. 

The elevator on Engebi was damaged con
siderably, although the outward appearance 
belittled the actual damage that had occurred 
to the Internal structure (Fig. 2.24). The doped 
fabric skin which was fairly well shielded by 
the supporting tube was scorched or burned 
through In places on the upper-surface leading
edge portion. The fabric skin on both sides was 
loose and wrinkled, with a small torn place on 
the upper surface between two ribs. This torn 
place may be directly attributed to the exten
sion of a small hole ('/1 in. diameter) that was 
In the fabric at this point prior to the test. 
Close examination of the contour of the elevator 
indicated that the shape was changed and there
fore a probable crushing of the internal struc -
ture had occ1.:-· (rlba). The Impression of 
the ribs on the metal akin of the trim tab wu 
also evidence of damage due to crushing. The 
elevator wu dismounted, and practically all 
the doped fabric akin wu removed from one 
aide to allow observation of the Internal struc
ture (see Fig. 2.25). The crushed metal rlba 
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of the inte rna l structure and burned ser ti< >ns 
of skin may be s een in Fi~s. 2.26 and 2.27 . 

5.2.2 F- 47 Wings and Metal-col"e red Cont ro l 
Surfaces 

The F-47 wings and attached metal cont rul 
surfaces (metal -covered flaps and ailerons ) on 
Bokon, Telteir , and Muzln showed no Indicati on 
of damage whatsoever. Both of the F-47 wings 
on Engebl received superficial damage , con
sisting In a slight dishing of the mt:tal skin on 
both sides Inward between parts of the sup
porting internal structure (see Figs. 2.6 and 
2. 7). The supporting ribs and internal struc 
ture of the control surfaces and the wing prope r 
were moderately Impressed on the metal skin. 
The structure on the leading edge of the wing 
near the tip retained a visible permanent set 
from the crushing force of the differential 
pressure. Only infinitesimal damage due to 
thermal radiation could be observed. Several 
darkened areas which were caused by smoking 
of rubber seal strips were noted. Although the 
aerodynamic shape of the wing and control sur
faces was impaired, the strength for all prac -
tlcal purposes was probably not lowered any 
appreclable amount. 

As stated before, no damage was susta·;ned 
by the F-47 wing structure proper on Trltelr; 
however, the sheet-metal covering placed over 
the wheel and strut well to give continuity to 
the airfoil section was dished In as shown In 
Figs. 5.3 and 5.4. 

5.2.3 Rigid-wing and Structural-wing Models 

The rigid-wing and the structural-wing 
models and the supporting system showed no 
evidence of damage in any form on Bokon, 
Teiteir, and Muzln. Only slight traces of ero
sion of the paint were visible on the leading 
edges of the nose section of the pylon on Muzin 
(see Fig. 3.6). 

Structural-wing model 104, orientated at a 9° 
angle of incidence on Engebl, had definitely 
sustained damage. This wing had not broken 
free from the supporting pylon but was drooping 
severely, as shown In Fig. 1.2. The other 
structural model and two rigid models did not 
have any visible signs of damage. The nose 
sections of the pylons were the only portions 
of the supporting system that showed evidence 
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of damage. The leading edges o( these sections 
were scorched, and the aluminum skin showed 
the impression of the supporting ribs. When 
structural model 104 was disassembled, the 
following damage, illustrated in Figs. 2.12 
and 2.13, was ascertained: 

l. Shearing of the attachment rive's caused 
separation of the attachment fittings 1: from the 
spar roots (Fig. 2.13) . 

2. The upper spar caps buckled at the root 
section (points C in Fig. 2.13). 

3. The upper and lower spar caps cracked 
and separated from the shear web in the root 
section as shown at points A and B in Figs. 
2.12 and 2.!3. 

4. The intermediate stiffener D in the root 
section had failed (Fig. 2.13). 

5.2.4 Swept-wing Models 

The swept-wing models and supporting sys
tem on Bokon, Teiteir, and Muzin did not eus
tain any structural damage. Their appearance 
was unchanged as a result of the bomb burst, 
except for a small amount of paint blistering 
on the forward 6-ln. supporting struts and the 
nose sections of the pylons, The swept-wing 
model on Engebl showed no indication of dam
age. However, superficial damage did occur 
to the supporting system in that the nose sec
tion of the pylon had the Internal ribs impressed 
on the aluminum skin and several shallow skin 
buckles were apparent. The paint on the leading 
edge of the nose section and on the large sup
porting strut was considerably burned. Some of 
these effects on the swept-wing model Installa
tion may be observed by comparing the before 
view, Fig, 1.3, with the after view, Fig. 1.4. 

5.2.5 F-80 Fuselages 

The F-80 fuselage-section Installation on 
Bokon, Teltelr, and Muzln showed no damage 
with the exception of a slight scorching of the 
finish on the radar dome and of the paint on the 
outside edge of the left Intake duct on Muzin. 
Figure 2.21 la a before vlew, and Fig. 2.22 ls 
an after view of the F-80 fuselage installation 
on Muzln. It can be seen In these photographs 
that the canopy, temperature gauges, radar 
dome, etc., are intact with no visible change. 

Some superficial damage was sustained by 
the F-80 fuselage on Engebl, Structurally the 
damage was limited to shallow buckling of the 
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skin bl'tween internal suppurts. Some of these 
buckles can be observed in the nose section 
slightly furward of the 0 in the number 420 in 
Fig. 2.3. Th e dents in the ril(ht air scoop, as 
shown in the same photograph, were made 
previous to the explosion, as may be noted in 
the before picture, Fig. 2.2. Several shallow 
dished-in areas occurred on the left side of 
the fuselage nose. The largest area of damage 
of this nature, including the removable panel 
over the camera-window cutout, may be seen 
in the vicinity of the lower part of the F of the 
large black letters FT-42 of Fig. 2.4. The 
radar dome on the nose of the fuselage pre
sented a charred appearance. The laminating 
resin down through the first layer of glass 
fabric was severely scorched, The canopy 
;.·! thstood the explosion with no outward ap
pearance of damage. However, the rubber 
sealing strips around the edge of the canopy 
were burned. The windshield which faced 
directly Into the blast was Intact, but crazing 
and cracking within the laminate were ob
served. 

5.2.6 Airfoils 

No effects of the explosion could be observed 
on the airfoils at Muzln, Teltelr, or Bokon. 
The three airfoils set at a 22½0 angle of Inci
dence on Engebl all failed In the same maMer 
but In varyln~ degrees. Figure 2.6 Illustrates 
all three airfoils and their failure appearance 
with relation to the supporting system. The 
airfoil In the most prostrated position on the 
extreme left In Fig, 2.6 contains the larger 
1/ 1-ln. venting holes. Details of this failure 
may be seen more clearly in Flg. 5.5. The 
airfoil containing the 1

/ 4-ln. holes Is on the 
Immediate right slde of the F-47 wing in Fig. 
2. 6, and the failure ls illustrated in detail In 
Fig. 5.6. The remaining airfoil did not conta1n 
any venting holes, and, as lllustrated in Fig. 
5. 7, Its failure had progreased the least of the 
three airfoils set at maximum angle of inci
dence. The appearance of the failure indicated 
that the venting holes had not materially weak
ened the structure. 

The three other airfoils on Engebl, which 
were set at a 0° angle of incidence, did not fall 
in any manner, as may be seen in Fig. 2.18. 
Fairly severe erosion from sand and dust had 
occurred on the temperature tapes that were 
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on two of these airfoils. This also may be 
viewed in Figs. 2.18, 2.19, and 5.7. 

5.2. 7 Cylinders 

None of the cylinders was damaged struc
turally on any of the four island test sites. 
The Temp-Tapes on the cylinder on Engebi 
were burned and sandblasted beyond any possi
bility of reading. Figure 2. 20 is an illustration 
of the condition of the cylinders on Engebi after 
the blast. 

5.3 TEST RESULTS FROM MODEL WINGS 

5.3.1 Rigid-wing Models 

Lift reactions were measured on the rigid
wing models at all four test sites. Drag and 
moment reactions at all four sites were ob
scured by the dynamic response of the rigid
wing models. On Engebi and Muzin 14,020 and 
6,878 ft from ground zero) lift records were 
obtained from the wings set at a 9° angle of 
Incidence, as plotted In Figs. -5.8 and 5.9. An 
average curve of the lift for each of these 
wings was obtained by a graphical elimination 
of the effects of wing-model dynamic response 
occurring at a frequency of 40 to 50 cps. These 
curves are presented for comparison In Fig. 
5. 10. As presented In this manner, the max
imum lift for the wing model at a 9° angle of 
Incidence at a range of 4,020 ft (Engebl) was 
1,280 lb, occurring 55 msec :\fter passage of 
the blast front, with a decrease to zero lift at 
650 maec. The maximum 11ft was preceded by 
a lift of 1,140 lb at 20 msec. The maximum 
lift for the 9° wing model at the 6,878-ft range 
(Muzin) was 340 lb at 100 msec, with a prior 
peak of 300 lb at 15 msec. The lift decreased 
to zero at 900 msec for this wing model. 

No significant signal was recorded for the 
rigid-wing models set at a 6° angle of Incidence 
on Engebl and Muzln. On Teltelr and Bokon 
(12,000 and 18,814 ft from ground zero) lift 
records were obtained from the rigid-wing 
models at a 8° angle of Incidence. However, 
the low magnitude of lift was considerably ob
scured by the dynamic response of the models, 
and consequently graphs of these functions are 
not presented. No signal was recorded for the 
wlng models at a 9° angle of Incidence on 
Teltelr and Bokon. 
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Diff erC'nt1 .11 - pressu rl' prof i l!• data '><t ' n · , ,1, 

tained from all thl' rit,:id wini::s .lt Eni-:t•ln .111ct 
Muzin. As was pred1 r tl'd, thC' prC'ssun· dif 
ferentials at the two farth C' st sitl'S (T,•1tr ir 
and Bokon) did not ,·xceed the noist' lt•,·p! ,,f 

the rernrding system. The most r ,>mpl!'tP 
pressure data were recorded at the 4,020 -ft 
range (Engebi) from the rigid wing set at .1 
9° angle of incidence. Fi\"e of the six pressur,· -
sensing elements on this wing operated satis
factorily. On the remaining three rigid wint,:s 
at Engebi a;id Muzin, approximately 50 per 
cent of the pressure transmitters functioned 
properly. Individual graphs of the variation 
of these pressure ctifferentials with time for 
the first 200 msec following the initial pres
sure disturbance are shown In Figs. 5.11 to 
5.24. These graphs uniformly Indicate that 
pressures exceeding 80 per cent of the max
imum pressure recorded In each case were 
attained at approximately 3 msec after the 
first discernible pressure change. 

Trapezoidal integration of the ctifferential 
pressures, measured on the rigid wing at a 
9° angle of incidence at the 4,020-ft range 
(Engebi), was conducted by tabular methods 
to give the variation of total lift with time as 
Indicated by the chordwlse pressure distribu
tion. A graph of this function utilizing the aver
age curve through Insignificant variations Is 
presented In Fig. 5.25. The maximum lift ob
tained by this method ls somewhat questionable 
but Is presented as 2,400 lb at 15 msec, de
creasing to zero lift at 650 msec. 

Each pressure-differential record for this 
wing was averaged over the first 20 msec and 
over the first 100 msec. Each of the average 
pressure-differential values was plotted at the 
proper place on a percentage of chord abscissa 
so that the curves connecting these points would 
present the chordwlse pressure distribution for 
this airfoil. Thia distribution for O to 20 and 0 
to 100 msec ls shown In Fig. 5.28. The pres
sure-differential records for the remaining 
three wings were averaged In a similar man
ner, were multiplied by proper factors to raise 
the pressures for each wing to equivalent pres
sures for a 9° wing at a 4,020-ft range, and 
finally were averaged together with the aver
age preaaurea for the 9° wing at 4,010 ft. 
These computations were conducted as shown 
In Table 5.1. The weighted average dlfferen
tial-preaaure values were plotted on a per-
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TA13LE 5.1 TRANSPOSITION OF ALL DIFFERENTIAL- PRESSURE DATA 
TO 9° RIGID WING AT ENGEBI 

---·------- ---·----- -------

Differential Pressure 
(5) 

(4) Av. Differ- (6)t (9)0 
(I) (2) Angle ential Adjust- (7)t (8) Av. of 

'l of Ran11:e (3) of lnci- Pressure ment Adjusted Total of Total 
Line• Chord (ft) Site dence (0

) (psi) Factor Av. Adjusted Adjusted 

First 20 Msec 

A 5 4,020 Engebl 9 4.81 1.0 4.81 
B 5 4,020 Engebl 6 3.41 1.1 3. 75 
C 5 6,878 Muzln 6 0.33 14.6 4.82 

5 13.4 4.46 
E 10 4,020 En!(ebl 6 2.70 1.1 2.97 
F 10 6,878 Muzln 9 0.41 7.1 2.91 
G 10 6,878 Muzln 6 0.31 14.6 4.53 

10 10.4 3.47 
8 15 4,020 Engebl 9 2.37 1.0 2.37 
I 15 4,0:?I) Engebl 6 3.18 1.1 3.50 
J 15 6,878 Muzln 9 0.51 7.1 3.62 

15 9.4 3.16 
K 20 4,020 Engebl 9 1.93 1.0 1.93 
L 20 6,878 Muzln 9 0.20 7.1 1.42 

20 3.35 1.68 
M 40 4,020 Engebl 9 1.65 1.0 1.65 1.65 1.65 
N 80 4,020 Engebl 9 2.00 1.0 2.00 2.00 2.00 

•The letters In this column are used aa coordinates with the column numbers In the computa
tions below, e.g., A5 la the value on the first line In the column numbered 5 (average differen
tial presaure), or 4.81. 

tComputatlon of adjustment factors for first 20 msec for data from the following: 

6° wing, range 4,020 ft: ! A
5 85 = !. 4

•8 2·4 = 1 1 
2 B5 15 2 3.4 3.2 . 

9° wing, range 6,878 ft: 
l 85 K5 _ l 2.4 1.9 _ 

7 
l 

2 J5 L5 2 0. 5 0. 2 • 

6° wing, range 6,878 ft: 
A5 .-.8 
C5 = 0.33 = 14·6 

Computation of adjustment factors for first 100 maec for data from the following: 

6° wing, range .-,020 ft: !. A
5 

F
5 = !. 1•9 1•6 

= o 9 
2 B5 G5 2 2.8 lA • 

9° wing, range 6,878 ft : !_ F5 ~ = !. 1.6 1.0 =" 5 
2 H5 J5 2 0.3 0.3 ' 

6° wing, range 6,878 ft: 15 = 1.0 = 9 2 K5 0.1 . 

!Value• In the column numbered 7 were obtained by multiplying the value In column 5 by that 
In column 6. 

IThe value• In the column numbered 9 are the final value• uaed for crapha. 
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T.·\lll. E 5. 1 (C,,nt inu{'d) 
--- --··--- ··--·-•·•-·- --- --

Di!fPrl'1l11.ll 
(5) 

Prt' SS U J"t' 

(4) AL Dif! rr- (6)t (9) :. 
(1) (2) Anirle entia l Adjust- (7) l (8) A\·. 11i 

% of Ran ,!f' (3) nf ln ri- Prrssu rr mrnt AdJus trd Tota l <>f T, ,t. li 
Line• Chord (ft) SitP dence (' ) (psi) Factor Av. Adjusted AdJu~1,·,1 

··-----·- --·---------- ·----· .. - ---- -- · 

First lOIJ Mser 

A 5 4,020 Engebi 9 
B 5 4,020 Engebi 6 

5 
C 10 4,020 Engebi 6 
D 10 6,878 Muzin 9 
E 10 6,878 Muzin 6 

10 
F 15 4,020 Engebi 9 
G 15 4,020 Enge bi 6 
H 15 6,878 Muzln 9 

15 
I 20 4,020 Engebl 9 
J 20 6,878 Muzln 9 
K 20 6,878 Mu,:ln 6 

20 
L 40 4,020 Engebl 9 
M 80 4,020 Ergebl 9 

centage of chord absclBBa, as shown In Fig. 
5.27, to present the chordwlse preBBure dis
tribution on the basis of the total amount of 
data available. 

Tabular computation of the center-of-pres
sure movement was made on the basis of the 

1.90 1.0 1.90 
2.88 0.9 2.59 

4.49 2.25 
1.13 0.9 1.02 
0.-12 4.5 1.89 
0.31 9.2 2.85 

5. 76 1.92 
1.64 1.0 1.64 
1.39 0.9 1.25 
0.28 4.5 1.26 

4.15 1.38 
1.01 1.0 1.01 
0.32 4.5 1.44 
0.11 9.2 1.01 

3.46 1.15 
0.86 1.0 0.86 0.86 0.86 
0.15 1.0 0.15 0.15 0.1 5 

6,878-ft range (Muzln) Is shown In Fig. 5.30 to 
Indicate the small but abrupt variation in pres
sure occurring at 1,150 msec after passage of 
the blast front. This variation occurs within 
the time bracket of the change from positive 

five differential-preBBure measurements from 
the rigid-wing model at a 9° angle at the 4,020-ft 
range. This center-of-pressure movement 

to negative pressurP. established by the over
pres1>ure data reported In Sec. 5.5.4. This 
phenomenon was observed on three of the 
seven dlfferential-preBBure records obtained 
at this site. In each of the other four records 
the record was not conclusive at this point, 

about the 25 per cent chord point was plotted 
as shown In Fig. 5.28. The moment about the 
25 per cent chord point was similarly coir 
puted and graphically compared with the angle 
of attack In Fig. 5.29. The source and treat
ment of the angle-of-attack Information on this 
figure Is Included In Sec. 5.5.1. The center-of
preHure computations and the moment compu
tations, both originating In the same data, In
dicated an Initial upward force acting aft of the 
25 per cent chord point. 

Variation of differential preHure with time 
meuured at 10 per cent chord of the rigid-wing 
model •et at a 9° angle of Incidence at the 

and measurements of other functions taken on 
the same magnetic-tape recorder had no simi
lar Indication. The record at 10 per cent chord 
of the 9° angle-of-Incidence model Is typical of 
the records for the other two preBBure meas
urements where this variation was observed. 

Another phenomenon occurring at the 6,878-ft 
range (Muzln) was noted on both rlgld-wlng 
models at this site. At the 20 per cent chord 
point of both models an Initial negative pres
sure differential of approximately 3½ msec 
duration wu observed. This repreaented a 

H_' 0.i A ~(' I: '. "'.-, 
·l .. . 1 .- .. 1i ..... •-· · • 
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fun ction approx imately 180 . out of phasP with 
othe r pr ps sur l' mPa ~.urcnwnt s on thP s,1mr 
winJ! S at diffe rent chord p(\i nt s . J\i u m irked 
phys ical dis parity, other than chordwi sp pos i
tion, was apparent in thi s installati on. The in
dication of predominantl y po s it i\' e diffe rential 
pressure s ubsequent to the in itial negative 
pha se for these two press urP nw asu re mPnt s 
is evidence of the currec tn(' !'S of ttw sig n of 
the pressure mea ::;ure mc nt s . Fii;ures 5.31 to 
5.33 prese nt thi s phe nome non in various com
pari sons, and Figs . 5.21 and 5.24 pr ov ide sup
porting evidence. 

5.3. 2 Structural-wing Models 

The bending moment was measured at three 
spanwise stations on the structural-win!! mod 
els at Engebi and at one spanwise st1ti on on 
the structural-wing models on Muzin and 
Teiteir. Failure in at least one component 
of the measuring and recording system elimi
nated measurements at two spanwise stations 
on Muzin and Teiteir and at one station on 
Bokon. No attempt was made to measure the 
bending moment at the remaining stations on 
Bokon because of the very low magnitude of 
bending moment predicted. 

The records of bending moment for the 
three spanwise stations on each of the two 
structural-wing models at the 4,020-ft range 
(Engebl) indicated high stresses during the 
first 20 msec of the poslti 'le-pressure phase 
(see Figs. 5.34 to 5.36). These stresses were 
imposed on the structures at frequencies 
higher than either the first- e,r second-mode 
bending frequencies of the wing models. 

Following the initial indication of high
frequency stresses, the bending moments at 
the three span·,.,ise stations of the structural 
wing at a 6° angle of incidence at the 4,020-ft 
range assumed charzcterlstics equivalent to 
first-mode vibration of the structure, as shown 
In Fig. 5.34. The initial peaks of bending mo
ment under first-mode conditions were 47,000, 
8,500, and 5,500 ln.-lb, respectively, for the 
inboard, intermediate, and outboard stations. 
These peaks occurred approximately 110 msec 
after the arrival of the blast front and were 
followed by successive first-mode vibrations 
of diminishing magnitude at a frequency of 4.3 
cps. An expanded graphical presentation of 
the Initial peak of the first-mode bending 

nlil mC' nt ,1t th l' Inboa rd station nf s tr uctur,tl 
win I,'. I 01 is sh ,,·A·n in Fi!!, 5. 17. 

As indicated in Ser. 5.2.2 th e s tru ctur a l 
win!! at a 9 an!,' lt ·,f incidl• nce at the 4,020 -fl 
range failed stru ctura ll y in th e r egion ,if at
tachmen t to th l' root-fitting box. Thi s fai'urP 
was indi c.ited by the r en•rds of bt·nding mo
ml'nt for tht· intermediate and outboard stations 
of th is wing model, as sh 1wn in Fig . 5.36. Tlw 
time nf f.iilur e is indicated in this figur e by 
the abrupl chan!!e of frequenc y of the measurl'd 
stress 81 msPc after the arril'al of the blast 
fr ont. On the fi~re th is chanf.(e of fr equency is 
emphasized by compari snn with the bending 
moment fr nm the outboard Jtation of the 6° winµ 
at this r a nge . The frequency fnllowing failure 
was equi\·a lent to the seco~d-mode l'ibration of 
the model structure. F;,iiure occurred on this 
win!-( mode l when the bending moments on the 
structural wing at a 6" angle of incidence at 
this site were 85 per cent of their eventual 
maximum value, which occurred 29 msec later. 
The magnitude of the bending moment at the in
board station of the 9° wing exceeded the full
scale range of the magnetic-tape recorder 
prior to the time of failure, so that no effec
tive presentation of data for this station can 
be made. 

The records of bending moment at the inter 
mediate station of the two structural-wing 
models at the 6,878 - ft ranre (Muzln) are pre
sented in Figs. 5.38 and 5.39. No evidence of 
the high-frequency stresses recorded • ·,.· Ing 
the first 20 msec at the 4,020- ft range . , ap
parent on these records. Both records of 
bendlnp: moment for these wing models indi
cate initial second-mode vibration super
imposed on the first cycle of first - mode vi
bration, followed by simple first - mode os
cillation. The lnltl~l period Is presented in 
Fig. 5.39, and the continuing first-mode con
dition ls shown by Fig. 5.38. Superposition of 
the second-mode vibration on the first - mode 
amplitude Increased the magnitude of the ini
tial peak bending moment at the Intermediate 
station to 8,000 ln.-lb for the 9° angle-of-in
cidence wing and to 5,000 ln.-lb for the 6° 
angle-of-incidence wing. Two peaks of ap
proximately equal magnitude occurred on 
each record, one near 90 and one near 125 
msec after arrival of the blast front. 

The one record of bending moment for the 
structural wing obtained at the 12,000-ft range 



(Teiteir) was for the inboard station of thr 
win11: model set at a 9° an!(le of inri d ... nr e. This 
station of this wing would, under thPoretical 
consideration, n 'curcl a larger bending m".nPnl 
than any other station un the structural win11:s 
at this ran11:e or al the 16,614-ft ran11:e (Bokon). 
The ma11:nitude of the bending moment even at 
this station was so small that It scarcely ex
ceeded that maximum error vissible under 
conditions of normal distribution of error, as 
indicated In Table 4.1. For this reason the 
graphical presentation of this record has not 
been Included, and a specific Indication of peak 
bending moments has bc~n omitted. 

Shear loading on the structural-wing models 
was measured successfully only at the inboard 
station of the wing at a 6° angle of incidence at 
the 4,020-ft range (Engebll. Second-mode vi
bration Is discernible superimposed on the 
Initial cycle of first-mode vibration, although 
some Irregularities tend to obscure the hr .. t 
oscillation of the second mode In Fig. 5.40. 
A maximum shear of 1,300 lb was measured 
at the peak of the first cycle of second-mode 
vibration at 15 msec after arrival of the blast 
front. This was followed by a small shear, 
1,100 lb, for the maximum value of first-mode 
loading at 110 msec, Continuation of the flral 
mode vibration with diminishing amplitude Is 
shown in Fig. 5.41. Wing failure, low shear
gauge output, and failure of components of the 
recording system combined to eliminate ade
quate records of shear at other stations, other 
wings, and other ranges. The excessive strength 
of the shear web of the wing spars was a major 
factor In limiting the bridge output of the 
gauges used for the shear-measuring Installa
tion. 

No torsion loads were measured successfully 
on the structural-wing model11. Contributing 
factors to this failure were the extreme tor
sional stiffness of the wing models, the ex
cuslve strength of the spar webs In resist
ance to torsional shear flow, and the incomplete 
pattern of gauges with respect to the problem 
of averaging the torsional shear flow in a cross 
section of the wing model. 

11.3.3 Rigid- and Structural-wl'lg-model 
C&meru 

Film roll B-H-100-711, eJqJOHd in tbe 
Futax camera and u•ed to record damage to 

ri gi d- and structural-win11: models at Enp;eh1. 
, .1s ro t readable. It was ove rexpost>d by the 

11 :· ebal , and was somewhat exposed by radiation 
in spite of protection afforded by lead bricks 
around the camera canister. 

Film roll B- 35 - 100-713 , exposed at Muzin , 
was somewhat ove rexposed but was readablP 
in part. There was no photographic evidence 
nf any blast damage or of any object of sufficient 
size strikin!l the models that mil(ht be corre
lated with an erratic readlnp; from the instru 
ments within the models. The beglnninp; of the 
film was overexposed or washed out completely 
by the fireball. When Ule wing models could be 

seen, dust was present, and objects which prob
ably were flakes of oil-Impregnated sand could 
be seen moving through the camera fie! J. Two 
floating sheets of iron were observed to the 
rear and on either side of the wing models. 
Since the camera started at H + 2 sec and 
stopped at H + 11 sec, It appears that most of 
the readable film was exposed during the nep;
.itive phase of the preBSure wave. 

No film was exposed at Teltelr since a de
lay timer failed to start the camera. 

A camera was not Installed at Bokon since 
a short time prior to E-day a vehicle ran over 
the camera mount and canister, damaging them 
beyond repair. 

5.3.4 Swept-wing Models 

The bending moment was measured at three 
spanwise stations on the swept-wing model at 
Engebi and at two spanwise stations on the 
swept wings at Muzin and Telteir. Shear load
ing was measured at two of the spanwise sta
tlo'ls on the swept wing at Enpt>I. Failure of 
at least one component of the measuring and 
recording system eliminated one measurement 
of bending moment at Muzin and Teiteir and all 
measurements of shear loads at those two 
sites. Attempts to measure bending moment 
and shear at Bokon were canceled prior to the 
:eat when information became available whi'Ch 
predicted very low air loads at this site. No 
torsion loads were succeBBfully measured on 
the swept-wing models. As in the ca•e of the 
structural models the factors contributing to 
this failure were the torsional stlffnesa of the 
model, exceHive streagth of the spar webs, 
and incomplete torsional gauge patterns for 
solution of the problem of average torsional 
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shear flow at the cross section of each span
wise station. 

Each of the five records of stress, three of 
bending moment and two of shear , for the 
swept-wing Installation at the 4,020-ft range 
(Engebi) indicated high stresses, s imilar to 
those of the structural wings at this site, dur
ing the first 20 msec following the arrival of 
the blast front. Figures 5.42 to 5.46 indicate 
the magnitude, frequencies , and relative times 
of occurrence of these inidal stresses, and 
Fig. 5.47 indicates existing phase relations 
for the bending moments by comparison on 
an expanded time scale. Comparison of Figs. 
5.42 to 5.46 with Figs. 5.34 to 5.36 indicates 
the similarity of these stresses In the swept
and the structural-wing models. 

Following the initial high-frequency varia
tions of the streH records, the bending and 
shear records of this swept-wing model at 
Engebl aHumed the characteristics of a first 
mode vibration of the structure, as shown by 
Figs. 5.48 and 5.49. Second-mode stresses 
are discernible in the first cycle of first-
mode vibration shown in these records; how
ever, it is not readily apparent whether or 
not the secondary stresses raise the peak 
magnitude of the first-mode streBSes. The 
peak magnitude of the bending moment at the 
inboard station of this wing for first-mode 
vibration is unknown since the full-scale 
limit of the magnetic-tape recorder was ex
ceeded. This is indicated in Figs. 5.42 and 
5.48 by the omiBBion of the curve of bending 
moment for the section from 82 to 147 msec. 
The initial peaks of the first-mode bending 
moments were 104,000 and 16,000 in.-lb, re
spectively, for the intermediate and outboard 
stations. The corresponding peak magnitudes 
of shear were 1,500 and 400 lb, respectively, 
for the intermediate and outboard stations. 
These peaks occurred approximately 110 msec 
after the arrival of the blast front and were 
followed by first-mode vibrations of dimin
ishing magnitude at a frequency of 4.0 cps. 

The records of bending moment at the inter
mediate and outboard stations of the swept
wing model at the 6,878-ft range (Muzln) are 
presented in Figs. 5.50 and 5.51. Evidence of 
minor second-mode loading ls indicated at the 
beg1M1ng of the record of bending moment at 
the intermediate atation of thla wing, aa ahown 
in Fig. 5.51. This ftgure alao indiratea the in-

40 

ltlatlon and continuance of first-mode bendln11: 
moment at this station , with a first-peak mag
nitude of 10,000 in.-lb at 100 msec , followed 
by lesser peak magnitudes at a frequency of 
4.3 cps. As ln the case of the structural wings, 
no evidence of the high-frequency stresses re 
corded during the first 20 msec at 4,020-ft 
range is apparent. The variation of bending 
moment with time at the outboard station Is 
preaented in comparison with the bending mo
ment from the same station at the 4,020-ft 
range in Fig. 5.50. The comparison indicates 
equivalent condi.lons of aecond-mode vibration 
superimposed on the first cycle of first-mode 
bending at both ranges. The secondary stresses 
substantially Increased the peak magnitude of 
the bending moment at the 6,878-ft range and 
bore a phase relation to the first cycle of the 
primary loading such that three peaks of ap
proximately equal magnitude were recorded. 
These peaks indicated bending moments of 
approximately 4,000 in.-lb at 60, 95, and 130 
msec. Cycles of first-mode bendl.llg moment 
continue with diminishing magnitude at a fre
quency of 4.4 cps. The initial 25 msec of each 
record ls omitted in this figure because the 
high-frequency streHes of the record from 
the 4,020-ft 1ange would obscure this section. 
These streHea were not evident on the record 
from the 6,878-ft range, as indicated by a 
simllar comment on the measurement at the 
intermediate station. 

The two records of bending moment at the 
inboard and intermediate stations of the swept 
wing at the 12,000-ft range (Telteir) should, 
under predicted conditions, record larger bend
ing moments than the remaining stations on the 
swept wings at this range and at 16,614 ft 
(Bokon). Even at these atationa, however, the 
magnitude of the bending moment waa so small 
that it scarcely exceeded the po88ible error, 
considered statistically, u indicated in Table 
4.1. Thus the graphical presentation of these 
records has been omitted, and peak bending 
moments have not been apeclfically indicated. 

5.4 RESULTS OF TEMPERATURE MEASURE
MENTS 

5.4.1 Temperature Variation with Time: 
Electrlcal-reslatance-type Gauges 

Of the 12 gauges for recording the tempera
ture variation with time, installed in the struc-
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tural-wing mode ls , eight werP tlpP rati unal ,rn 
Easy Day. The external-skin-surfa\'e i:auge at 
Engebi, ran11:e 4,020 ft, was rnt enti ona lly rlimi
nated because the skin temperaturrs experted 
at this range were calculated to be high enough 
to short out the gauge, causing electrical mal
function of the recorder . The two internal 
gauges at Engebi and the external-skin-surface 
gauge at Bokon, 16,614 ft, were eliminated 
because of the occurrence of electrical mal
functions with Insufficient time for correction. 
Usable data were obtained from four of the 
eight gauges that were operational. The three 
gauges on Muzin (6,878 ft) , the external-skin
surface gauge on Telteir (12,000 ft), and the 
two Internal gauges on Bokon functioned prop
erly, Failure of at least one component of the 
measuring and recording system during the 
test eliminated measurements from the two 
Internal gauges at Teltelr. The signals re
corded by the two Internal gauges at Bokon 
were Insignificant, The ambient temperature at 
H-hour (approximately 80°F) was selected as 
the point of origin for all temperature-time 
data. Thus the data reported represent the In
creases In temperature of the structural-wing 
models caused by the thermal radiation of the 
50-kt bomb. As the propagation of thermal 
radiation from the bomb Is practically Instan
taneous, zero time on all temperature curves 
may be considered coincident with H-hour. 

The maximum temperature Increases re
corded by the four operational gauges were, at 
Muzln, 67°F by external-skin-surface gauge, 
43°F by Internal-skin-surface gauge, and 12°F 
by front spar-web gauge; and, at Teltelr, 27°F 
by external-skin-surface gauge. Similarity of 
the temperature rise of the external-skin-sur
face gauges at Muzln and Teltelr was evident, 
as shown by Figs. 5.52 and 5.53. Each of these 
external-skin-surface gauges attained maxi
mum temperature 0.4 sec after detonation of 
the bomb. These peak temperatures decreased 
rapidly; at the end of 2 sec the gauge at Muzin 
registered 47°F above the original ambient 
temperature, whereas the gauge at Telteir in
dicated 17°F above the ambient temperature. 
At this time (2.0 sec) a slight increase in tem
perature was indicated by both gauges. This 
wu followed by a moderate cooling rate, aver
aging, over the remaining 96 1ec of the record, 
0.3°F/aec at Muzin and 0.1°F/sec at Teiteir. 

--- - ·- -- - - · · 

The internal-skin-surface gauge ,11 MuZin 
exhibited an abrupt templ-rature ri se uf 21 · F 
in approximately I sec, after whi ch the ralt' 11! 
rise dec r rased, as shown in Fig . 5.54. Th r 
temperature indicated by this gau1;e continuPd 
to increase until al I 1.5 sec the internal-,;kin
surface-gaui:e temperature equaled the ex 
ternal - skin - surface-gauge temperature whi ch 
had cooled to 39°F above ambient (set· Fig . 
5.55). The internal-skin-surface gauge ap
parently continued to rise and reached a peak 
of 43°F above ambient at 22 sec. After 22 sec 
the internal-skin-surface-gauge temperature 
decreased at approximately the same rate as 
that of the external-skin-surface gauge. 

The spar-web temperature at Muzln rose in 
3 sec to a temperature of 6°F above ambient. 
After this tlmf' the temperature continued to 
Increase at a lesser rate to a maximum of 
12°F at 23 sec. From this point the temper
ature remained constant to the end of the rec -
ord at 100 sec, 

5.4.2 Maximum Temperature Survey : Temp
Tapes 

In general, the Temp-Tapes on Engebi which 
were mounted on the outside of the test article 
with an angle of Incidence approaching normal 
to the blast were badly eroded by sandblasting. 
This caused piercing of the aluminum-foll pro
tective covering, thu1 exposing the tempera
ture-measuring alloy foil to extreme oxidation 
due to weathering. The edges of these adhesive 
tapes were also burned, but this burning did 
not reach the alloy patch In the center of the 
tape. In other locations the adheaive which 
held the tapes to the structure had softened; 
this caused a number of the Temp-Tapes to 
drop off the test ar• · • . The Temp-Tapes 
on the windshield ...... ~- noy of the F-80 fuse
lage had fallen to the floor "' the cockpit owing 
to softening of the adhesive tape. None of these 
effects deatroyed the temperature record ex
cept the oxidation of the alloys. No other 
Temp-Tapes on Engebi were affected by ero
sion or adhesive failure, and they performed 
In the intended manner. 

All Temp-Tapes on Muzln, Teltelr, and 
Bolton were undamaged except for thoae in
stalled on the cylinders on Muzln. Theae were 
burned and 1andbluted, but they dld not fall 
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from their positi on on th e cylinde rs . These 
parti cular Temp- Tapes were more normal to 
the blast than other exteri or installations on 
Muzin. 

All the temperature measurements made by 
the Temp-Tapes have been assembled in Table 
5.2. The lowest melting alloy used in the 
Temp-Tape survey melted at 130°F. For re
porting purpose, In all areas where no melting 
was observed, even on the 130°F alloy, the tem
perature was recorded as less than 130°F. The 
following comments regarding measured tem
peratures are numbered to co rrespond with the 
measured temperature bearinir the same num 
ber, enclosed in parentheses , in Table 5.2. 

1. As may be noted, the measured tempera
tures In these areas are higher on Bokon, range 
16,614 ft, than those on Teiteir , range 12,000 
ft. The explanation for the temperature bein!( 
higher at a more distant ran11e is not given. 
Theories are available and could be presented 
to try to explain this phenomenon, but it ap
pears that they are premature and without suf
ficient foundation for presentation at this time. 

2. The apparent consistency of temperatures 
measured in this region is perplexing. U it 
were due to a general rise in ambient temper
ature, it should have t,een indicated in several 
other areas, but there was no such indication. 
It Is quite possible that the test articles in
volved were heated to these temperatures by 
the sun during days prior to E-day and the 
temperatures do not represent measured val
ues from the test. However, these tempera
tures were not recorded by Temp-Tapes oper
ating under similar conditions In the same 
locations on T-33 drone airplanes of Project 
8.1. 

3. It Is apparent that some valuable data have 
been gathered from temperature measurements 
on these transparent areas; however, extensive 
calibration will be necessary before these data 
can be properly deciphered. Further Investi
gation of this type of temperature measure
ments ls ln process. 

4. The wheel-well area on the F-47 wing on 
Engebi was not covered during the test. A num
ber of the Temp-Tapes were exposed to direct 
radiation and were burned and sandblasted be
yond any poaalblllty of reading. Those Temp
Tapes that were shielded by the forward section 
of the wlng gave no temperature indication. 
Since the lowest-melting alloy was Included ln 

l ., 

44 

this sh ieldPd µroup, it was apparent that the 
shie lded area did not reach 13u°F. 

5. These Temp-Tapes were burned and sand
blasted beyond any possibility of reading. The 
sand pierced the aluminum-foil protective 
covering, exposing the alloy foil to the atmos
phere, which resulted in severe oxidation of 
the alloy foil; thus it was impossible to deter

mine the temperature measurement. 
6. These temperatures are listed as an in

dication that the areas under Investigation did 
become heated. Little reliability should be ac
corded the actual values of temperature meas
ured in deirrees Fahrenheit because the Temp
Tapes were on the outsirle facing the radiation 
source (see Sec. 3.6). 

5.5 BLA&'T PHENOMENA 

5.5.1 Angle-of-attack Variation with Time : 
Vane-type Indicator 

The angle of flow of the air behind the blast 
front, defined as the angle of attack and con
sidered as zero when the flow was parallel to 
the plane of the earth, was measured only at 
the 4,020-ft rangP. (Engebl) . At the 6,878-ft 
range (Muzln) the dynamic response of the 
instrument described In Sec. 2. 5.1 was such 
that no determination of the angle of attack 
could be made . This response was of the na
ture of a full-scale oscillation of the vane at 
a frequency of approximately 5 to 6 cps. 

The measured variation of the angle of flow 
with time at 4,020 ft Is presented In Fig. 5. 56. 
This figure indicates rapid fluctuations of the 
angle of attack with an Initial period of flow of 
negative angle, I.e., downward In the direction 
of movement of the air mass. This negative 
Indication was succeeded by a positive flow, 
which ln turn was succeeded by small oscil
lations about the zero point. The oscillations 
throughout this period were of Irregular fre
quency In the general range of 100 to 150 cps. 
In Fig. 5.57 the curve of the angle of flow has 
been averaged to eliminate these osclllations 
and has been plotted for a longer period of 
time. A negative angle of flow with a peak 
magnitude of -6.8° Is Indicated initially, fol
lowed by a positive maximum of 1. 1 °, subsiding 
at 125 msec to 0.4°. The angle of attack con
tinued to decreue, reaching 0° at 400 msec, 



followed by a period of considerable fluctuati on 
as the positive-pressure phase weakened. 

The use of the an!):le-of-flnw infor mation is 
indicated by Fil):. 5.29. Here the an!(le of flow 
has been considered in its relation to the 9' 
angle of incidence of ri!):id win!): 102 at the 
4,020-ft range (En!):ebi). Initially, therefore, 
the flow about the win!): started with a 9° an!):le 
of attack. Superficial fluctuations have been 
omitted, and the modified curve indicates a 
negative angle of attack of the wing within 3 
msec after Initiation of the air-mass flow. 
By 25 msec the flow was again at a positive 
angle of attack for this wing model, and by 65 
msec the flow was reasonably stable and was 
such that the angle of attack of the wing was 
substantially the same as the established angle 
of incidence of the wing. A similar translation 
of the angle-of-flow data may be required for 
each wing model for the purpose of dynamic 
analysis and may be easily accomplished by 
adding the angle of incidence of the wing di
rectly to the angle of flow of the air mass. 

5.5.2 Angle oi Attack: Optical Method (Fastax 
Camera) 

At each of four sites the camera and allied 
equipment operated successfully on E-day, with 
the exception of the camera at Teiteir. Owing 
to a malfunction of a delay timer, this camera 
failed to start. Of the lights used to illuminate 
the grids, approximately 66 per cent at Engebi 
and 33 per cent at Muzin were damaged. 

Film roll B-35-100-718, exposed at Engebi, 
was not readable. The film was overexposed 
by the fireball and was somewhat exposed by 
radiation in spite of protection afforded by lead 
bricks around the camera canister. 

Film roll B-35-100-714, exposed at Muzin, 
was somewhat overexposed by the fireball but 
was readable. There was no photographic evi
dence of the leading edge of a shock front, simi
lar to the front photographed during a 10,000-lb 
high-explosive blast on 27 October 1950 at the 
Aberdeen Proving Ground which is described 
In Sec. 2.5.2 and Illustrated in Fig. 2.28. The 
overpreHure at Muzin (approximately 3.4 psi) 
wu approximately the same as that at the 
canu,ra in the Aberdeen teal. 

A thorough search was made for the shock
front phenomenon by viewing the film and by 
producing contact negatives of a number of 

~ni,.WJ_ ,_..__ • .. 

frames on a very hiP" h-rnntr.ist film (Kndalill1) 
and enlarging two one- h;1lf framPs tn an 8 - hv 
10-in. picture. 

There was, howt>,·er , an indicatior. of thl' 
passage of a blast front, depict rd by .1 l'han~• 
nf film density of the ground 111 the !own ri~ht -
hand corner of the frames. This is shown by 
comparing C in Fig. 5. 58, recorded before 
blast-wave arrival time, with C in Fil):. 5.59, 
recorded durini: the probable blast-front pas
Sa!):e. 

A sequence of events was observed when the 
film was shown with a motion-pi cture projector. 
The beginning of the film was overexposed or 
washed out completely, and, after the grid rnuld 
be seen, the clouds in the background appeared 
to compress slightly toward the left in the photo 
and then moved to the left or away from ground 
zero. This movement was very pronounced and 
is shown pictorially by measuring from a verti
cal reference point at A to a cloud position at B 
in Fig. 5.58 and comparing the distance from A 
to B in Fig. 5.60. 

The cloud position at B was found to have 
moved 3° 27' away from ground zero before it 
was obscured by dust. The indication of the 
cloud movement is included in this report since 
it may be of interest to some agency other than 
this project. 

After passage of the blast front, the ping
pong balls, suspended between the grid wires, 
traveled to the left for a distance of approx
imately 5 in. The limitation on the travel of 
the ping-pong balls was due to the wires used 
to suspend the balls (see Fig. 2.31). 

After the movement of the clouds and ping
pong balls the camera field was obscured by 
a heavy dust cloud. In the dust cloud objects 
which probably were flakes of oil-impregnated 
sand could be seen moving through the camera 
field and away from ground zero. 

A study of film roll B-35-100-717, exposed 
during the test on Bokon, indicated that every
thing operated satisfactorily. The angle-of 
attack grid and the ping-pong balls were illu
minated IJrightly by the artlficlal high-intensity 
lights, whereas the background was quite dark. 
As was the case with the film on Muzin, there 
was no indication of the pasaage of a ahoc11ii, 
front as recorded in the 10,000-lb high-ex
plosive teat. The sharp movement of the ping
pong balls from right to left for an average 
distance of approximately 6½ in. in the film 
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was evidence that the camera was operating 
when the blast front passed the camera and 
test site. No dust could be seen mov ing through 
the camera field on this film. From a study ol 
the photography of the high-explosive tests al 
A~erdeen, it is fell that the photog raphy was 
adequate on Muzin and Bokon lo have indicated 
the passage of a sharp shock front if one had 
been present. 

5.5.3 Angle of Attack: Electronic-chronograph 
Method 

The results obtained from the electronic 
chronographs approximate an Isobar equivalent 
to an overpressure of less than 0.1 psi. Based 
on the original assumption that a shoclt front 
would be recorded as an abrupt discontinuity, 
that Is, as having an infinite rate of rise from 
the ambient pressure to the peak overpressure, 
slight differentials In the minimum pressures 
affecting contact of the blast switches would 
not be evident in the final record. That this 
condition did not exist Is evident from the re
sults obtained with the Interferometer gauges 
and with the high-speed motion-picture cam
eras; hence the configuration determined from 
the electronic counters is an Isobar at some 
distance (time) following the blast front . 

When the re-entry party arrived, the auxil
iary gasoline-driven electric generator was 
still ruMlng, The chronograph equipment had 
operated automatically from the relay time 
signals, and a satisfactory record was obtained 
by the recording system. Since the generator 
was still running at full voltage, It was possible 
to take a visual reading of the chronographs. 
This reading was noted, and the later develop
ment of the recording negative proved the two 
to be Identical. An enlargement from the re
cording negative la shown In Fig. 2,36. The 
corrected results are plotted In Fig. 5.61. 

L_ 

The data indicate a relatively large negativ e 
angle of attack shortly aftn the arrival of the 
blast wave, and the curvature is an indication 
that turbulence existed or that the initial por 
tion of the blast wave did not form a uniform 
surface. 

5.5.4 Overpressure Variation with Time : 
Interferometer Gauges 

The interferometer gauges used to deter
mine the variation of overpressure with time 
were Installed in a rectangular pattern, except 
on Engebl, where only two gauges were installed 
laterally, to bracket the test articles, This 
multiple Installation provided data In such a 
manner that two to four records could be aver
aged at each site. Where only three records 
were obtained, owing to malfunctioning of one 
gauge, the weighted average was taken by as 
signing a double value to a single gauge read
ing. The average results at each teat site are 
plotted on two separate time bases. Figure 5.62 
shows the overpressure variations for the posi
tive and negative phases (7 sec), and Fig. 5.63 
shows the variations on an expanded time axis 
Including only the first 200 msec. 

The predicted overpressure values for the 
estimated 60-kt bomb on which preliminary 
plans were made and the values actually meas
ured on Easy Shot are given In Table 2.2. 

Of the 14 gauges Installed for Project 8.2, 12 
functioned properly. One of the four gauges 
(9le) at Muzln and one of the four (92c) at 
Bokon did not record satisfactorily. The re
sults at Engebl are the averages of two records; 
those from Muzln and Bokon are the weighted 
averages of three readings each; and the results 
from Teltelr are the averages of four gauges. 
The plotted results have been smoothed out to 
eliminate reflection blips and other alight 
transient effects to portray the forcing function 
acting on the teat articles. 



Chapter 6 

Discussion 

6.1 GENERAL CONSIDERATIONS 

The broad miaalon of Project 8.2 was satis
factorily accomplished. A large amount of data 
and experience was accumulated on the effects 
of an atomic explo1ion on aircraft structural 
component• and ln1trumented te• t model• 
mounted on the ground at variou1 ranges from 
the point of bomb detonation. 

In general, the actual dam~ge sustained wa• 
far Ins than that predicted prior to the detona
tion. Even at 4,020 ft from ground zero, te• t 
articles were not demolished, although three 
small airfoil• and one 1tructural wing model 
were damaged. Original Intentions were to 
bracket the optimum te• t range by having four 
identical in1tallation1 at varlou1 di1tance• from 
the &hot tower. However, owing to the actual 
nature of the blast phenomena, the large1t 
amount of data was accumulated on Engebl, 
range 4,020 ft. The decay of the forcing func
tion at greater ranges wu 1ufflclent to limit 
the meuurable re•pon1es of some of the in
strumented te• t article•. Structural damage 
wu apparent only at the neare• t 1ite (4,020 ft). 

Qualitative ob•ervatlon1 Indicated that from 
a 50-kt bomb the thermal radiation wu 1uffl
clenUy inten•e, at leut up to 16,000 ft, to 11tart 
fire• in fabric and poHlbly other nonmetall1c 
aircraft components at relatively low angle• of 
incidence to the 1ource. From an operational 
,tan.int the huard to the fabric-covered 
control aurfacee la at once apparent U low
altitude drop• were attempted by bombardment 
aircraft, loH of the lower fabric on control 
aurfacea, auch u elevator and aileron•, would 
be espected. Alao crew member• exposed at 
tranaparent window• mlpt be aerlou1ly af
fected. The effect of dlfferential-prH•ure load-

Ing of present aircraft at close ranges varied 
from moderately severe damage to bomber-type 
fabric-covered control surfaces to very slight 
panel buckling on fighter-type wings, fuselages, 
and metal-covered control surfaces at a range 
of 4,020 ft from ground zero. Even at this 
range the effects of differential pressure alone 
acting on an aircraft structural component at a 
zero angle of Incidence were not sufficient to 
prevent further flight. However, It must be 
pointed out that the combined effects of side -on 
loading and differential pre11Sure combined with 
the velocity and inertia of the aircraft may 
produce 1evere damage to major structural 
component• under certain conditions. The point 
being eniphuized Is that overpreBSures up to 
10 p1l when applied progressively to conven
tional combat aircraft 1tructures at zero Inci
dence are not 1ufflcient in them1elves to cause 
the loss of the aircraft, although noticeable· 
local damage will occur. 

6.2 WING MODELS 

Each item of meuured data from the rigid-, 
structural-, and swept-wing models was con
sidered separately for 1ignlflcant points, maxi
mum value•, frequency pattern•, and 1purious 
Indications. Each item wa1 then coneldered In 
relation to the other data, and multiple curves 
1howlng comparlaona, combination•, averages, 
and integration• were plotted. The m01t Im
portant curve• and combinations of curve• 
were •elected on a bul1 which included at 
leut one direct graph of all the data con1ldered 
accurate and of thoae combination• of graphs 
which appeared moat algnlflcant. Varloua time 
1calea were choaen u the ab1c!HU of the•e 

.. 



--- ~-------- ---------- ----··- · - · 

l 

µ; r aphs , for mos t uf whid1 thl' units 1Jf time a r t> 
in millise('unds, L P. , 10- :, Sl'C. ·1 l1t· mor l' t' X
panded time sral !'s wp r c• s!'l t'l't,·d t,, pn•sent 
the mate ri al in the m1Js t a"r ura t,• m:HmC'r for 
use in the dynami c analysis. The IPss expanded 
scales were chosen lo show frequency re la t ions, 
decreasing magnitudes throup;h the end of the 
positive-pressure phase , and uther char ac ter
istics having signifi cant changes over a longer 
per iod of time . Whenever more than one re
qu irement governed the selection of time 
scales, graphs of each wt re drawn; therefore 
duplication of certain items of data is noti ce
able in the group of figure s presented. To 
facilitate cross reference, Table s 6.1 and 6.2 
list the figures on which the time s cales and 
other data are plotted fo r eaeh quantity. 

Except for the temperature data, time zero 
for each item of data has been chosen as the 
time of arrival, at the wing model containing 
the sensing unit, of the first measurable dis
turbances in the blast front. This , then, differs 
from time zero for detonation of the atomic 
bomb by the length of time required for the 
blast front to traverse the distance from the 
point of detonation to the location of the wing 
model in question. For the temperature data, 
time zero has been chosen as the time of the 
first measurable change in temperature of the 
outside-skin gauges. Because of the very low 
thermal inertia of these gauges and because of 
their direct exposure to thermal radiation, it is 
felt that this is equivalent to time zero for 
detonation of the atomic bomb within the limits 
of accuracy of the time base of the recording 
system, i.e . , ± ½ msec. 

Although the information presented here in
cludes all items of data which were success
fully measured and represents a completed 
report of the measurements themselves, the 
information la preliminary in the sense that 
evaluation of its significance and of its con
formity with theoretical concepts has not been 
completed. This evaluation wlll follow the 
completion of theoretical studies of the forcing 
functions based on overpressure data and on 
the analysis of dynamic loading of the struc
tural and swept wings. These theoretical 
studies will be compared with the test results 
reported here for the observance of • imllari
tte• and discrepancies. The exact form and 
distribution• of this final evaluation are un- . 
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knuwn at lh l' pn•sent time. The furthe r ~t:-.te 
ment may be made that the dat a, as prt" i<'nled 
hen•, p; ive cons ide rabl e promise of succes sful 
rompa r ison with theo reti cal concepts and that 
rons ide rable s i~ ifi cance may be added to the 
data by th is co mparison. 

One poss ible di sc repancy in these data, not 
othe rwi se noted, is an abrupt positive or nega 
tive displacement of the record trace peakln~ 
at 34 to 35 mse c, followed by an equally abrupt 
return of the trace to Its previous position, 
which occurs on all rec ords at the 4,020-ft 
range, except the record of lift on the 9° wing. 
It does not appear reasonable that any physical 
phenomena of the blast wave could have been 
respons ible fo,· this rec ord displacement ; 
therefore the uiost logical explanation for tl!ls 
occurrence is that It Is a malfunction of the 
recording system at the 4,020-ft range. This 
affects only the part of each record at whlc:h 
the abrupt displacement occurs and therefore 
is not cons Ide red significant In the over -all re -
duction of the data. 

6.2.1 Rigid-wing Models 

The rigid-wing models were designed with 
an inherent high stiffness so that bending de
flections would be negligible during loading and 
records obtained would define the forcing func -
tion without complications introduced by bend
ing deformations. The d..ta obtained from these 
wing models Indicated a more rapid build-up of 
the forcing function than was predicted prior to 
the test. Indications are that the response 
characteristics of the rigid-wing models, as 
determined by the balance systems and the 
spar extensions, were considerably affected by 
the excitation of the natural frequency of these 
components. Thia occurred because the natural 
frequency was not sufficiently separated from 
the hypothetical frequency of the forcing func 
tion (extrapolated from the first-quarter cycle 
of the forcing function indicated by the differ
ential-preaaure build-up). The fundamental 
frequency of the balance system, including the 
spar extensions, should be on the order of 10 
times greater than that of the forcing function, 
and yet the system should be sufficiently flex
ible to produce a large strain-gauge output. 
Modification of spar end• and the balance aye -
tem appears to be necessary to achieve these 
results. 
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TA OLE 6.2 NUMBERS Of FIGURES IN WHICH ARE PLOTTED CURVES FOR BENDING MOMENT, SHEAR, 
AND TEMPERATURE FUNCTIONS 

. 
"ii 
C ; 
0 

Y31 

Y38 

Y39 

839 

Rl 
R4 
R1 
R9 
R31 
R34 
Y4 
Y30 
Y31 
R40 
R43 
R45 
R48 
R48 
Y43 
Y48 

c ., 
6 ., .. 
:, 

: 
I 
0 

Temperature 

Temperature 

Temperature 

Temperature 

Bending 
Bending 
Bending 
Shear 
Bending 
Bending 
Bending 
Shear 
Bendln& 
Bending 
Bendln1 
Shear 
Bendln& 
Shear 
Bendln& 
Bendln& 

I 

., 
E 
i'.: 
"' > 
c-:
., C 

E'-., " .. ., 
:, "' 
: E 
., 0 

:I !! 

5.31 
5.40 

5.42 
5.43 
5.45 
5.44 
5.48 

I 

5.35 

5.41 

5.51 

0 -s 
C -
0 ill"' 
:::: - 0 
.. C -

-i: E ~ 
.. 0 -
> :I ~ 

~ l!:.f 5 
ill ;; ., 
; C E 
~~i'.: 

5.41 
5.47 

5.47 

5.55 
5.54 
5.55 
5.54 
5.55 
5.54 

5.34 
5.34 
5.34 

5.48 
5.48 
5.49 
5.48 
5.49 

5.36 

5.38 
5.38 
5.38 

5.38 

5.52 
5.53 
5.U 
5.53 

5.50 

5.50 

5.39 

8.13 

8.13 

6.13 

6.13 

•Letter• precedln& lhe channel numbers Indicate teat site•: E, En1ebl, 4,020 ft; s, Muzln, 8,878 ft; Q, Teltelr, 
12,000 ft; P, Bokon, 16,814 ft. 

... . 

· I 
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The forcing (uncti c, n, defined as 'lift" 
throughout this report , was actually measure d 
as normal chord force. The error introduced 
if lhe data are considered as lift for ce normal 
to the relative wind is of the order of 0.5 per 
cent, which Is negligible in view of the over
all accuracies indicated in Table 4. 1. 

The calculated lift for the 9° rigid wing al 
each range was approximately as follows: 
2,160 lb at 4,020 ft; 345 lb at 6,878 ft; 56 lb at 
12,000 ft; and 21 lb at 16,614 ft . For the 6° 
rigid wings, the equirnlent figures were as 
follows: 1,440 lb at 4,020 ft; 230 lb at 6,878 fl; 
37 lb at 12,000 ft; and 14 lb at 16,614 ft. The 
calculated times required to attain these lifts 
after the arrival of the blast front at each 
range were as follows: 47 msec at 4,020 ft; 67 
msec at 6,878 ft; 120 msec at 12,000 ft; and 170 
msec at 16,614 ft. These calculations were 
based on the overpressure data obtained from 
the lnterfl!rometer gauges. 

The record of lift for the 9° rigid wing at 
Engebi, presented In Fig. 5.8, has three areas 
In which the record Is subject to question. 
These areas each have a large negative peak, 
which ls seemingly Impossible In view of pres
ent theories on the lift function. Therefore the 
function has been estimated for these ar~as, 
and this estimated curve has been Included In 
Fig. 5.8 with the original curve. Both curves 
are dotted In the area of uncertainty. Since 
these areas coincide wlth the probable time of 
occurrence of the maximum lift, the magnitude 
of the maximum llft ls also somewhat uncertain. 
However, no substantial alteration of the esti
mated curve seems justifiable on the basis of 
current information. The record of lift for the 
6° rigid wlng at Muzln, although somewhat ob
scured by excitation of the fundamental fre -
quency of the balance system, presented a value 
of maximum lift (340 lb) closely approximating 
the maximum calculated lift (345 lb) although 
somewhat leH than the originally predicted 
results. 

The attempt to bracket the lift conditions at 
the test sites resulted In balance systems at 
Teltelr and Bokon wlth full-scale ranges of 
measurement from 700 to 1,400 per cent 
grHter than the maximum lift conditions en
countered at those ranges. Thls, together wlth 
th, excitation of the balance-system frequency 
and the fact that winds of velocity sufficient to 
produce the •ame magnitude of lift existed in 

'~-- -

&1 

the arl'a. l'lrn ,matC'd any <'ll11<·lu ~1n· 1111t•rpn· -
tatllln uf till' l'l'l'"rd, l'Xl't' pt th ,11 th,• lif: 111,•a~ -
un' mC'nt ,; WC'rt• uf tht: ordt•r pf ma~nttuct,, pr ,·
dil' ted. 

The angle " f flow of th<' air mas ·, at th•• 
4,020-lt ran~e . as presented in Figs. 5.56 and 
5.57, may be used to mterpret, atialyH, or 
modify the lift result s presented. The dl'!i111-
tion of the lift funni ons thui; ub tai1wd may Ill' 

compared with calculated lift functions t" ch,·,·k 
current theoril's and may further bt• usl'd as the• 
starting point for the calculation uf th<' th,•o
retical dynamic loads on the structural- and 
swept-wing models. 

A qualifying occ urrence in the differential
pressure rerords for the rigid wings at Engt•bi 
was the presence uf excessive osrillatiun of th, 
base, or zero-pressure-differential, line prit>r 
to and during the records. This ocrurred on 
only the one group of recorder channels at thi s 
one site and was deter mined lo be a malfunr -
lion of the magnetic-tape recorder. Sinl'e thesl' 
cycles were repetitive and were within the full
scale limits of the record-reproducing system, 
an adjusted zero line was drawn in the record 
seLlion, and all displacements were measured 
from this llne, as shown In the figures of the 
original records presented in the report. Ad
mittedly this method is subject to error; how
ever, the error Is quite small ln the region just 
after the arrival of the blast front, which is the 
most important region from the standpoint of 
dynamic analysis. 

The one measurement of differential pres
sure at the 80 per cent chord point, namely, the 
record of that point on the 9° rlgtd-wing model 
at the 4,020-ft range, varied markedly f:om 
theoretical predictions and ln so doing sharply 
affected most of the information based on the 
pressure-differential records. By being flve 
times larger than predicted lr, the lnltial stages, 
this point Increased the total llft measured by 
the pressure method since the single point of 
measurement controlled the envelope of the llft 
vectors aft of the 40 per cent chord point, i.~., 
over hall the wing chord. Simllarly thls point, 
with Its long moment arm about the 25 per cent 
chord point and wlth lts large magnitude, exerted 
major influence both on center-of-pressure 
movement and on variation of pltchlng moment. 

After 65 maec thla dlfferentlal preHure at 
the 80 per cent chord point assumed more 
reasonable values; so, In the picture of average 
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chordwise pressure distribution (Figs . 5.26 and 
5.27) , the pressu re at the 80 pe r (·e nt chord 
point eventually drops i;r aduall y wh en averaged 
over the first 100 msec , r eachi ng predicted 
patterns of chordwise dis tribution. 

The variation of lift with time, as determined 
by integration of the differential pressures, 
differed considerably from the lift function 
presented by the balance system. This was 
considered in view of t '. ,, state ments in the 
preceding paragraphs, giving rise to the belief 
that the balance-system lift is more accurate. 
However, it ls felt that the pressure-system 
measurements may aid in the interpretation of 
the forcing functions as measured by the bal
ance system. 

6.2.2 Structural -wing Models 

The purpose of the structural-wing models 
was to provide a dynamic test article having a 
fund:>.mental natural bending frequency equiva
lent to that possessed by current fighter air
craft wings. The necessary design compro
mises for ease of fabrication and handling and 
for resistance to the maximum overpressure 
predicted (10 psi) resulted in a wing with a 7-ft 
span, a 2-ft chord, and a skin of 0.051-in. alu
minum alloy. The combination of thick skin and 
short span resulted in a structural model with 
a higher natural frequency than desired. Con
sequently it was necessary to install 290 lb of 
lead weights inside the wing model to reduce 
the bending frequency to the desired magnitude 
(3.8 cps). These weights were distributed 
spanwise with their chordal centroids near the 
torsional neutral axis su "!I not to alter ma
terially the torsional frequency. 

The first noticeable deflections of the record 
traces from the structural wings at Engebi in
dicated large stresses at higher frequencies 
than either the first- or second-mode frequen
cies of the wing structure described in the pre
ceding paragraph. Because of the Irregularity 
in magnitude and frequency of these apparent 
stresses, no explanation drawn from present 
theory readily accounts for this phenomenon. 
The most logical Interpretations of these de
flections carry the Implication that the deflec
tions were spurious in the sense ,,r being an 
accurate measure of bending stresses In the 
structure. These Interpretations include a 
consideration of strain-gauge output based on 
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local , random defl ec tions c,f the s tru r ture, in
duced by the overpres s ure effect s a t the be 
ginning of the blast wave. These loca l dr ll er 
ti ons , if of unequal magnitude and ·or if out of 
phase at the gauge !orations of eac h bridge, 
will produce different s trains at each gau~e 
location, resulting in an unbalance of the strain
gauge bridge, which would be re corded as a 
deflection of the re cord trace. Since the !oral 
deflections of the structures would be of small 
radius and correspondingly of high frequen cy, 
this theory is at least plausible although un
proved. Other equally plausible theories may 
be advan ~ed for this characteristic of the rec -
ord traces. 

Except for the indications described in the 
preceding paragraph, the record trace deflec
tions qualitatively indicated agreement with the 
theories of dynamic analysis with regard to the 
existence of first- and second-mode bending of 
the structures at predicted frequencies . 

Although the maximum bending at the 12,000-
It range was too small to be evaluated quanti
tatively, the record indicated good agreement 
with theoretical predictions of the order of 
magnitude and the frequency of the bending 
stress. 

The shear record at the inboard station of 
the 6° wing at the 4,020-rt range, presented as 
the only structural-wln6 shear successfolly 
measured, Is subject to question in its indica
tion of the fl .. st cycle of second-mJde vibration. 
The shear stress indicated in this cycle Is 
much larger than would be possible when viewed 
in the light of a general knowledge of dynamic 
analysis. F·.1rther limitations affecting this 
record include those considerations which 
eliminated adequate records of shear at other 
stations. 

6.2.3 Swept-wing Models 

The purpose of the swept-wing models was to 
provide a test article for the determination of 
the eff ~eta of swtepback on the dynamic loading 
produced by the blast wave. To accomplish this 
pul'pose, It was required that the swept wing 
have natural bending frequencies equal to those 
of the structural-wing model. The same design 
compromises as In the case of the structural 
wing resulted in similar proportions for the 
swept wing, again requlrinp- the addition of lead 
weights to the wing to reduce the first natural 



bending frequen cy to the desired mai::nitude 13.8 
cps). 

The first deflections of the r ecord traces 
from the swept wing at Engebi exhibited hi gh
frequency stresses similar to those obse rved 
for the structural wings. However, certain 
phase relations , possibly accidental, existed 
for these high-frequency stresses in the case 
of the swept wing. In spite of these phase re
lations, no appllcable theory was found to justi
fy the acceptance of these measurements as an 
indication of the actual stresses in the wing 
model. One of the seemingly logical explana
tions for this indication of stresses .l fl the as 
sumption of local deflections of the structure 
by the overpressure effects, as described for 
the structural-wing models. 

As in the case of the structural-wing Instal
lation, the bending moments for the swept wing 
at Teltelr were too small to be evaluated 
quantitatively. However , these records also 
indicated agreement with theoretical predictions 
of the order of magnitude and frequency of the 
bending momenta. 

The record of b.!ndlng moinent .t the inter -
mediate station of the swept wing at Muzin is 
lower than would be eiipected on the basis c,i 
general knowledge of dynamic loading. There
fore, although no apparent source of error ex
ista, these data mu1t be considered question
able unUl correlation with theory can be 
e•tabll1hed. For thle reason these data have 
not been presented in comparison with other 
1imllar quantlti11. 

8.3 INSTRUMENTATION 

The original vl111al reproductions of the 
magnetic-tape reco,·dl have been photographed 
and are preserted ln reduced form in Flge. 6.1 
to 8.12. In this manner the sl,nlflca'lt frequen
cl111 variation•, and characwrl• tics of each 
meuurement may be obeerved without the un
avoidable email change• Introduced by a man
ual tran1for~t1on of the record• into graphical 
form. The time • cale bu been indicated on 
each record. The ordinate ecale le indicated by 
"callbrate-plue" and "callbrate- minue" desig
nation,. The magnitude of the meuured quan
tity for a trace defiection equal to the displace
ment of the calibrate alpal 11 presented in 
Table 4.1 for uae with theee record•. A trace 

defl ecti on of any given per ce ntagP () f the dis
plare ment of the calibrate si gna l indiC'a tes a 
co rrespondin i:: percentage of the ma~'Tlitude of 
the measured qua,1tlty at the calibrate signal, 
e .g . . a 1/2-in. trace deflection on a record with 
a calibrat~-r . .. -,; di splacement of 1 in. , ue ing 50 
per cent of calibrate plus whe re calibrate pus 
is equal to 1,000 lb , would indicatt a loadin 11, of 
500 lb. All re cords obtained are lncl1.ded in 
these figures, even in those cases where the 
records were not graphically reproduced. 

The accuracy of the records and of the data 
reported the refrom Is governed by the following 
considerations. A detailed study on the accura
cy of the magnetic - tape recorder has never 
been made. The first recorders for this proj
ect did not arrive until mid-fall 1950; so no 
time was available to conduct such a study. 
However, an effort has been n,ade to determine 
the approximate errors in the data presented in 
this report. A conservative estimate of the 
error was made In all cases, I.e., the maximum 
error was assumed. 

A mechanical error of 1.5 per cent was a1,-
8'Jmed fc,r the combination of recorder and 
v; sual reproducer (manufacturer's estimate, 1 
ptr cent). The distinct operations of calibra
tion with test loads, recording of test data, and 
the uee of U1e ratio relation between the re 
corded signal and the calibrate signal result in 
a total mechanical error four ttmea 1.5, or 6 
per cent. The human errore involved In tht . e
duction of the calibration and test records from 
the vi11ual reproducer also had to be quadrupled 
to obtain the Mwmum human error. 'l uls er
ror varieci •r.cording to the actual deflections 
in the visual reproduction. The magnitude of 
the measured quantity, which was equivalent to 
100 per cent of the calibrate aignal, was multi 
plied by the total of these two errors, e.g., if 
the total of the two errore was 10 per cent and 
the measured quantity at 100 per cent of the 
calibrate signal wa• 2,000 lb, the error, 10 per 
cent of 2,000 lb, wu 200 lb. 

Following the above computations the ae
aumption wae made that a normal distribution 
of error occurred, I.e., that the maximum er
ror as calculated above applies to 99. 7 per cent 
of the resulta, defined aa three :&. Table 4.1 
liata the mulmum errore for one, two, and 
three :&, equivalent to the maximum errore 
preNnt ln 87, 95, and 99. 7 per cent of the test 
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data. All the calibration data points were not 
tabulated; so no ,alid statistical method existed 
for the determination of the maximum error of 
the calibration curves. However, these curves 
were the best straight lines through the test 
points, and It is felt that the maximum error In 
calibration was less than reported. 

6.4 ANGLE OF ATTACK OF BLAST WAVE 

All the records obtained from the blast wave 
Indicate Initial turbulence. The vane-type Indi
cators produced continuous records of the flow 
pattern, each at a specific point, whereas the 
electronic chronographs produced a vertical 
profile at a single time. The high-speed motion 
pictures showed no evidence of an abrupt shock 
frort. 

6.4.1 Vane -type Angle -of-attack Measurements 

The original assumption that the flow of the 
air mass behind the shock front was perpendic
ular to the shock front, which was In turn per -
pendlcular to the plane of the earth, ·vas not 
verified by the vane-type angle-uf-attack 
measurements. Dubiousness concerninl( the 
validity of this assumption was actually the 
reason for the Introduction of the vane-type 
angle-of -attack measure men ts In the last 
stages of the test program. Three major prem
ises of the original assumption were not con
firmed by the test data. The first premise 
lacking verification was the existence of a 
shock front, behind which the now pattern would 
form. To support the remainder of the assump
tion, some Isobar of the pressure front must be 
•elected to replace the shock front. If the Iso
bar selected la the one measured by the elec
tronic chronograph, then the second premise, 
that the preHure front was perpendicular to 
the plane of the earth, was not confirmed. Then, 
If the now Immediately behind thl1 pressure 
front la perpendicular to the laobar •elected, 
•everal directions of now at varlou1 angles to 
the plane of the earth are Indicated. Since It la 
not reuonable that the•e directions could be 
maintained In the now farther behind the pre•-
aure front, some de1ree of turbulence mu•t be 
conceded. The indication• of the apllt-trlangu
lar-vane Indicator at Engebl confirmed the fact 
that the now behind the blut front wu not 
parallel to the plane of the earth and wu con-
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slderably turbulent. However, the average flow 
during the central part of the positive-pressure 
phase was nearly parallel to the plane of the 
earth . 

Although no final analysis has been made of 
the effects and Influence of these changes In the 
angle of flow on the wing models, an apparent 
correlation exists between the angle of attack 
and the pitching moment of the 9° rigid wing at 
Engebl, as shown In Fig. 5.29. 

6.4. 2 Electronic-chronograph Angle-of-attack 
Measurements 

Initially the electronic chronographs were 
adopted to serve as a check on the high-speed 
motion-picture method of determining the angle 
of attack when the exposure lllumlnation ap
peared to be a critical factor In the photo
graphic method. According to the Information 
available during the planning phase of Opera
tion Greenhouse, an abrupt shock front was 
supposed to precede the ma11 of high-velocity 
air, and the velocity vectors were assumed to 
be perpendicular to the shock front; hence It 
would be necessary only to determine the In
clination of the shock front to find the true 
angle of attack of the wing model• with respect 
to the now. 

The high climatic winds at the teat site made 
It neceHary to set a sufficient gap between the 
diaphragm and the contact point of the blast 
switches to prevent accidental triggering. Since 
the pressure rise at the shock front was theo
retically Instantaneous, this gap setting was 
not considered sufficient to compromise the 
test results. 

Evidence from other ground-test lnatrumenta 
clearly Indicate:, that a shock front did not ex
ist In the Immediate vicinity of the teat altes. 

The record from the electronic chronographs 
defines an Isobar BhorUy behind the lnltlal 
preHure rise. The position• of the measured 
polnta ahown ln Fig. 5.81 Indicate aubatantlal 
turbulence In the blast wave front and/or lr
regularltie• In the "1pherlcal" blast envelope. 
Upon 1ub•equent repeated teat run• In a •hock 
tube the blut •witch from the 4-ft level wu 
found to be exceHlvely erratic, and therefore 
no value la pven to the measurement at thla 
hel&ht, It cannot be uaumed that the true 
ahape of the laobar la a rqular • mooth curve 
throqh the polnta measured • Ince the larp 



vertical spread does not define local irregu
larities. Because of the slow rate of pressure 
rise, the precision of this method is subject to 
question. 

To properly record turbulence in the blast 
wave, continuous-type records should be made 
in the immediate vicinity of the test articles to 
define properly the flow variations In the high
velocity air. 

The desirability of a photoelectric triggering 
system for the electronic chronographs could 
not be realized owing to the time !imitations 
when this method of angle-of-attack determina
tion was Introduced. It Is possible that the rate 
of overpressure rise was too low to actuate 
photoelectric triggers had they been used. Fur
ther investigation Is necessary to substantiate 
the limitations of photoelectric triggering sys
tems. 

6.4.3 Optical Angle-of-attack Determination 

The optical method utilizing high-speed 
motlon-plct11re photography and refraction 
through the shock front was proved during high
explosive tests conducted by Project 8.2 at 
Aberdeen Prvvlng Ground In 1950. 

Results from Euy Shot of Operation Green
houae Indicated that no shock front ezisted In 
the vicinity of the ground. The film exposure 
and the Image deflnltlon were sufficiently clear 
to portray the phenomenon U It had occurred. 
The pusage of the high-velocity air waa clear
ly Indicated by the motion of ping-pong balls 
suspended In the camera field. 

Additional investigations are required to es
tablish the true nature of the blut phenomena 
at various altitudes. 

8.5 VENTING OF AIRCRAFT STRUCTURES 

Tbe evaluation of results of other bla.at tests 
With small hilb-exploslve charges Indicated 
that local structural dama,e would occur at 
relatively low o•yerpressures, probably starting 
at about 11/4 psi for larp aircraft and at slight
ly hilber overpressures for flshter aircraft. 
Operation Crossroada Indicated the severity of 
side-on loaclinl, The aircraft structural com
pont1nts exposed on Operation Greenhouse were 
oriented to minimise the effect of aide-on load
inl In order to stuclJ the eUects of overpres
aure. 
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The relieving effect obtained by ventini: th<' 
structural test articles was studied on three 
different rnnfigurations: small airfoils, smal I 
cylinders, and the outer wing panels of fi..:hter 
aircraft (F-47). The small airfoils and cylin
ders were vented through the outer surfaces. 
However, the airfoils and cylinders were tno 
rigid, and no blast effects were observed un 
these articles. The fighter wing panels were 
vented Internally between all compartments and 
to the exterior through holes In the flap and 
aileron closing spars. No significant difference 
in damage was observed. Both the vented and 
unvented wings sustained slight local damage 
as evidenced by the Inward buckling of the skin 
between ribs and stiffeners. 

Because of the simplicity of the small air
foils and cylinders tl1ls method should be im
proved and expanded In future Investigations. 

6.6 GROUND SHOCK 

The adverse effects of ground shock on the 
models and the Instruments were considered 
throughout the planning phase. The ground 
shock was expected to arrive at the test sites 
considerably ahead of the blast wave. Damage 
to the Instruments was prevented by shock 
mounting on foam rubber in addition to the 
standard shock mounts Integral with the Instru
ment caaea. 

Since the recorders were started at H-hour 
minus 5 aec, Uthe ground shock was of suffi
cient strength, Its effect on the test articles 
would be recorded on the magnetic tape. 

When the records were played back In a 
visual form, It wu found that only the moment 
channel (most aensltive) of rigid wing 102 at 
the 4,020-ft range (Engebl) showed the effects 
of the ground shock. The effects were of low 
magnitcde, the peak value being 15 per cent of 
the moment reacUon produced by the blast 
wave. The ground •hock at the 4,020-ft range 
preceded the blut wave by 1.28 eec. The 
ground shock did not Interfere with any of the 
teat articles or lnatruments In the performance 
of their intended functions. 

8. 7 FABRIC-COVERED STRUCTURES FOR 
AIRCRAFT 

Fabric -covered aircraft 1tructures are 
crlUcal with reprd to clamap In the field of an 



atomic bomb burst at ran i,;es at least up to 
16,600 ft (based on a 50-kt bomb) because of 
thermal effects. The minimum range at which 
no damage would occur was not determined 
since evidence at the farthest site of Project 
8.2 (16,814 ft) showed that fabric combustion 
temperatures had been reached on sandbags. 
The screening of the supporting structure was 
sufficient to protect the low-Incidence region of 
the fabric-covered (B-17) elevators at all 
sites, although at the 4,020-ft range (Engebl) 
the skin at a high angle of Incidence, which 
projected beyond the supporting structure, was 
severely burned. U the large fabric surface 
had been normal to the Incident radiation, se
vere thermal damage could be expected even at 
the 18,814-ft range (Bokon) . 

The overpressure (9.5 psi) at the 4,020-ft 
range severely crushed the ribs of the fabric
covered elevator without significant damage to 
the fabric except for one tear which propagated 
from a small (1/ 1 in. diameter) hole which had 
accidentally been punched in the fabric prior to 
shot time. Although the structural damage wu 
severe, the elevator might have been able to 
return an aircraf~ safely to the ground If no 
abrupt maneuvers were attempted. However, 
operational plans should include the effects of 
thermal radiation, side-on loading, gust loadl, 
physiological capablUUes of the crew, and the 
effects on volatile combustible liquids within 
the aircraft. Additional tests involving com
plete aircraft are neceBBary. 

8.8 TEMPERATURE VARIATION WITH TIME 

To obtain reliable data from the gauges for 
recording temperature variation with time, 
thei.e gauges had to he balanced at a tempera
ture equal to the ambient temperature at H
hour. A study of day-to-day temperature charts 
of the area revealed that the temperature for 
corresponding morning hour• on con•ecutlve 
day• did not vary more than 1°F. Therefore all 
temperature gauges were balanced Ju• t 24 hr 
prior to ff-hour . 

The official weather record reported 81. 7°F 
at 0800 on E-day. It hu been u •umed on the 
bul• of available lnformatlon that the ambient 
temperature at 0830 (approJdmately H-hour) 
wu 80°F. Since the ordinate for all tempera
ture curve• waa ln term• of chanp in temper-
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ature, this ambient temperature, 80°F, mus t be 
added to the reported temperatures to obtain 
the total structural temperatures in de~rees 
Fahrenheit. 

Since the heat from the bomb passed from 
the outside skin surface to the Inside skin sur 
face and then to the spar web, the temperature 
records will be discussed In the same order . 
The events on each record will be considered 
chronologically following time zero. 

The external-skin-surface gauges on both 
Muzln, 6,878 ft, and Teiteir, 12,000 ft, experi
enced Irregular temperature rises during the 
first 0.2 sec, as shown In Fig. 5.53. The gauge 
on Muzln exhibited three distinct heating 
slopes, whereas that on Teltelr showed only 
two during this period. However, the following 
factors are worthy of consideration: actual 
fluctuation In the source, variation with time 
and distance of the transmlsslblllty of the at
mosphere, and the physical properties of the 
wing. 

The time to reach maximum temperature for 
both the external-skin-surface gauges was 0.4 
sec. Since these gauges were on structural 
wings, 6,878 and 12,000 ft from ground zero, It 
appears that the rise time to peak temperatures 
on the external skin surface was Independent of 
range. This Is, of course, reasonable in view 
of the known propagation characteristics of the 
thermal radiation. The maximum Increases In 
temperature attained by the two external-skin
surface gauges were 67°F at Muzln, 6,878 ft, 
and 27°F at Telteir, 12,000 ft. The ratio of 
these temperatures very closely approximated 
the square of the inverse ratio of their respec
tive distances from ground zero. Therefore a 
graph of the variation of temperature with dis
tance was plotted, and the curve following the 
inverse-square ratio was drawn through these 
test points (see upper -:urve, Fig. 6.13). From 
this curve the following peak changes in tem
perature may be read for the points of a 25° 
angle of incidence on the outalde skin • urfaces 
of the • tructural wings: 139°F at Engebl, 74°F 
at Musin, 24°F at Teitelr, and 9°F at Bokon. 

After the initial peak the temperature of the 
external skin surface dropped rapidly until at 2 
•ec the gauge at Mus\n read 48°F and that at 
Teitelr read 17°F. Sfrce the external-•kin
•urface gauge• meuure the temperature at the 
ouw:-mo• t layer of •kin, It appear• that thl• 
layer reache• con• lderably hlper tempera-
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tures than the main portivn of the skin and then 
very quickly loses this high temperature 
through heat conduction tn the c:ooler inside 
skin surface. 

At approxlmatdy a sec both external-skin
surface gauges showed another rise in tem
perature (Figs. 5.52 and 5.54). The second in
crease at Muzln Indicated a temperature rise 
lasting 1. 7 sec with a peak Increment of 3°F, 
whereas that at Teitelr Indicated a temperature 
rise lasting 0. 7 sec with a peak Increment of 
1°F. The magnitudes of these temperature 
rises are very small and are possibly Insignifi
cant, but they do exhibit a ratio similar to that 
of the peak temperatures measured by these 
gauges. The cause of these temperature rises 
la unknown; however, the realm of speculation 
includes the possibllity of a variation In the 
thermal radiation of the fireball. 

After 4 sec both external skin surfaces 
cooled at a steady rate until at the end of 100 
sec the gauge at Muzin read 15°F above the 
original ambient temperature , i.e., 22 per cent 
of peak value , and the gauge at Teitelr read 6°F 
above ambient temperature, or 22 per cent of 
peak value. It ls of interest to note the excel
lent correlation in both time and magnitude of 
these temperatures of the two external skin 
surface• . In every case the heating and cooling 
• lope• at Muzin were • lightly steeper than the 
correaponding elopes at Teiteir, where the 
radiant energy per unit of area wu le11 be
cause of the greater range. In addition the 
ratio of the maximum temperature increase• 
wu in reuonable agreement with theory. 

It la interesting to note that, • ince the ther
mal radiation of the bomb wa• directed against 
the leading edge of the wing model• and •ince 
the angle of incidence to this radiation of the 
wing surface decreased from 90° to leH than 
10", proerea• ing aft on the chord, a •harp 
chorchrise temperature gradient wu developed. 
The effects of this gradient are unknown at this 
time. However, it ls not believed that it ap
preciably affected the external-akin-surface 
temperature at the point of meuurement dur
lnl the first 2 aec. 

Tbe maximum temperature rlse on the ex
ternal ak1n surface probably occurred at the 
point where the aurface wu normal to the in
cident thermal radiation. However, no meu
urementa were made at thla point. In order to 
obtain these maximum ak1n temperaturH at 

each s ite, the temperatures for eal' h ran!!C' , 
gi ve n by the uppe r rurve of Fil( . 6. 13 , w,•r,· 
divided by the s ine of 25 ·. Th is divi sion, 111 

effe ct , tr ansformed the angle of in ri denre to 
90°. The maximum skin temperatures, as "a l 
rulated by th is method, were 329°F at En.:ebi . 
175°F at Muz in, 57' F at Teiteir, and 21 ' F at 
Bokon. 

The internal -skin -surface gauge exhibited a 
sharp rise to 21°F In 1 sec (Fig . 5.54 ). U this 
rate of rise had continued, the temperature on 
the Inside skin surface would have equaled the 
temperature on the outside skin surface In ap
proximately 2 sec. It is possible that the initial 
heating slope corresponded to that of a simple 
aluminum plate 0.051 in. thick at a 25° angle of 
Incidence. 

The rate of Increase In the temperature of 
the Internal skin surface was markedly reduced 
after the first second but continued to increase 
untll at 11. 5 sec the temperature of the internal 
and external skin surfaces were both equal to 
39°F. After this point the temperature of the 
Internal skin surface exceeded that of the ex
ternal skin surface and finally reached a peak 
of 43°F at 22 sec . This peak Is 65 per cent of 
the maximum temperature of the corresponding 
point on the external skin surface. A zero shift 
may have occurred at 13 sec in the record of 
the internal-skin-surface gauge. This possible 
variation was not considered significant since 
the general shape of the curve after 13 sec was 
believed to be valid and the maximum deviation 
in the magnitudes of the ordinates was ace
ductlon of not more than 3°F. The middle curve 
of Fig. 8.13 was drawn through the peak tem
perature reglatered by the internal-skin-sur 
face gauge and ls intended to approximate this 
peak temperature for the wing models at the 
various test sitea. Since no other readable 
recorde were obtained for the internal gauges, 
the ratio of internal to external pealt tempera
tures at Muzin wu projected to the other test 
sltes. 

It is noted that, after the maximum internal
skln-•urface temperature had been reached, 
both the internal and external skin surfaces 
cooled at approximately the •ame rate, the in
ternal temperature being •lightly higher than 
the external temperature (Fig. &.55). The ex
ternal skin aurface wu exposed to the prevall -
ing winde. The temperature of the internal skin 
aurface at the end of 100 aec wu 19°F, or 44 
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per cent of the peak temperature of this sur
face. 

The spar-web temperaturP. increased 6°F in 
~ ;,ec (Fig. 5.54). After this time the tempera
ture continued to Increase at a lesser rate until 
at 23 sec the increase was l2°F; thereafter the 
temperature remained constant to the end of 
the record. The lower curve in Fig. 6.13 was 
drawn through the peak spar temperature at 
Muzin. This curve was extended to include all 
sites by using the same ratio of peak spar 
temperatures to peak external-skin-surface 
temperatures as that measured by the temper
ature gauges at Muzln, thus representing an 
approximation of the spar-web temperatures of 
the structural-wing models at each site. 

One of the Important factors governing the 
low Internal temperatures obtained from this 
test was the attitude of the wing models; i.e., 
the wing models were so positioned that the 
leading-edge section received the direct ther
mal radiation of the bomb. As a result there 
was a large area of relatively cool wing sur -
face compared to the small area of heated wing 
surface. 

Practically no correspondence existed be
tween the locations of the Temp-Tapes and the 
locations of the temperature-vs-time gauges; 
however, such correlation as could be effected 
did not Indicate conflicting data in any case. 
Two sets of Temp-Tape measurements were 
made on the structural wings: the lower inter
nal sir.In surface 2 In. aft of the forward spar 
and the aft face of the forward spar web. The 
Temp-Tape measurements on the internal skin 
Indicated no pealr. total temperatures higher 
than l32°F. The values of pealr. internal-skin
surface temperatures from Fig. 6.13, plus the 
ambient temperature of 80°F, did not conflict 
with these Temp-Tape records when trans
posed to the proper angle of Incidence. 
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One set of Internal- and external-skin-sur -
face measurements from the Temp-Tapes was 
similar to the internal- and external-skin
surface peak temperatures obtained from the 
temperature-vs-time gauges. In this set the 
inside surface of the upper wheel-well area of 
the F-47 wing reached a peak temperature of 
180°F, and the outside skin surface just inboard 
of the gun-inspection door registered 225°F, 
thus giving a ratio of the pealr. temperature of 
internal to external skin surfaces of 0.80, as 
compared to 0.65 obtained from the tempera
t1Jre-vs-time gauges. 

6.9 RE-ENTRY 

In order to provide information for future 
problems of re -entry into areas which have 
been subjected to an atomic bomb explosion, 
the experience of the re-entry party of Project 
8.2 is cited here. Approximately 31/2 hr after 
the detonation of the Easy Day bomb the 16,614-
ft test slte was revisited, the data records were 
collected, and visual observations were made. 
No Project 8.2 test site was restricted by the 
radiological safety control group because of 
radiological huards. The three other test 
sites were visited successively, and the collec
tion of data and observation notes was com
pleted. According to the film badges worn by 
each member of the re-entry party, the total 
dosage was approximately 1 r for an approxi
mately 6-hr exposure; however, pocket elec
troscopes showed a dosage of 2 to 21/2 r. It is 
Interesting to note that at the two greatest 
ranges, on opposite sides of the point of deto
nation, 12,000 and 16,814 ft, the residual radi
ation was greater than at the two nearer test 
sites, 8,878 and 4,020 ft. The test articles did 
not exhibit any greater radioactivity than the 
general background. 
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Chapter 7 

Conclusions and Recommendations 

7.1 CONCLUSIONS 

The following conclusions are based on the 
test conditions as set forth In this report. The 
more Important of these conditions are listed 
here In order that they may be foremost In 
mind when the conclusions are read: 

1. An approximately 50-kt bomb was ex
ploded 300 ft above ground on a steel tower. 

2. All test articles were anchored to the 
ground and therefore were not.subjected to 
flight loads. 

3. All test articles were mounted with a 
small frontal area, normal to the Incident ra
diation as compared to the considerably larger 
i.rea parallel to the axis of propagation. 

It 11 concluded that: 
1. Even though the teat article• were ori

ented to minimize the 11de-on blut loads, the 
damage lu• talned WU con1lderably IHI than 
that predicted by all concenied. 

2. The ground •hock did not appreciably 
affect the functioning of the model•, other test 
article•, or the electronic equt•,ment. 

3. Automatically operated (20 to 24 hr) 
portable generator• can be IU\.~IIHfully uti
lized u a primary power source at a range of 
4,020 ft with relatively minor .revetment ln-
1tallatlon. The portable generator• utilized at 
range• of 4,020 and 11,878 ft received only neg
ligible damage. 

4. In general, the 11ngular effect of over
pre•1ure up to 9.5 p• I applied to aircraft 1truc
tures at zero angle of Incidence (no 1ide-on 
loading) doe• not appear to be 1ufflclently dam
aging to cau• e 101• of preaent combat aircraft. 
Primary aircraft structure• of conventional 
de1lgn, u aempWled by the F-80 fu•elage, 
F-47 wing, and F-47 metal-covered control 
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surfaces, sustained limited -tamage that did 
not greatly reduce the load-carrying capacity 
but sustained extensive minor damage of the 
type which would require considerable main
tenance to repair. The lighter type of con
struction, such as that employed In fabric
covered control 1urfaces (B-17 elevator), 
bomb-bay doors, and other large, relatively 
Ughtly stiffened areas, could be expected to 
sustain major damage that would greatly re
duce the structural strength and In most cases 
would require complete replacement. However, 
when this crushing force Is combined with the 
dynamic lift and drag loads due to the blast on 
aircraft component• presenti~ relatively large 
surface areas to the blast wave, major damage 
to the aircraft Involved may be expected. 

5. Thermal damage to the teat article• was 
minor and was confined to opaque nonmetallic 
alrc raft component• and to the paint of metal 
1urfacea at range• of 4,020 and 11,878 ft. No 
thermal damage of the teat articles wa1 ob
eerved at the 12,000- and 111,1114-ft range•. 

II. Greater thermal damage would be ex
pected on opaque nonmetalllc component•, such 
as fabric-covered control 1urfaces, If eiq,osed 
with the maximum 1urface toward the point of 
detonation. Burned materials were observed 
at all test 1ltes up through the 111,1100-ft range 
(Bokon). 

7. The effect• of an approximately 50-kt 
bomb exploded 300 ft above the ground are 
1ufflclent to produce noticeable damage to 
1tructural component• of combat aircraft lo
cated on the ground with a minimum angle of 
Incidence at range• up to 4,020 ft, but theae 
effect• moat probably would not produce any 
blast damage at range• of 11,878 ft and beyond. 
Thl1 11 referring to damage to the 1tructural 



component by the effect of the direct forces 
released by the atomic explosion and does not 
include other possibilities of damage due to 
flying debris, rotation, or translation of the 
complete aircraft. 

8. The F-47 wings and metal-covered con
trol surfaces, while sustaining some damage at 
the closest range, 4,020 ft, would have been 
operable or safe to fly if required, although the 
aerodynamic efficiency was most probably re
duced. Considerable maintenance would have 
been required to restore these structural com
ponents to first-class condition. 

9. The B-17 elevator, partly protected from 
the thermal radiation by the holding jig, was 
damaged considerably on Engebl by the over
pressure. It appeared to retain sufficient 
strength to have supported at least a 1-g load and 
most probably could have operated sufficiently 
to return an airplane safely to the ground. It Is 
also most probable that at all teat sites the ther
mal radiation would have burned the fabric from 
the frame of the elevators had they been sub
jected to direct thermal radiation. 

10. The F-80 fuselage sustained some dam
age at the 4,020-ft range, although It would 
have be-?!\ operable If required. The thermal 
radiation apparently pa88ed through the trans
parent methyl methacrylate canopy, causing 
little or no damage; however, the effects on an 
occupant would have been severe. 

11. The strength of the small cylinders and 
airfoils was too great for the blast wave en
countered; so they did not react In a man-
ner that would permit a study and evaluation of 
dlfferentlal-prnsure alleviation effects. 

12. The magnetic-tape recorders In the con
figuration used for automatically recording the 
measured teat data given In th11 report did not 
po•• ell sufficient accuracy, reliability, and 
flexibility. 

13. The overpreHure rlae time u measured 
by sround-level Interferometer gaupa was of 
the order of mllll1econd1 rather than mlcro•ec
onda, Indicating a blut fronl appreciably thicker 
than that predicted. 

H. The optical method for determining the 
Inclination of the •hock front, utlll1lng hlp-
1peed motion picture•, Indicated that no •hock 
front mated In the region of the teat 1lte• on 
llusln and Bokon. Record• were not obtained 
at l:qebl or Teltelr. 

15. The electronic-chronograph method of 
determining the inclination of the shock front 
resulted in the definition of an isobar, which 
was due to the relatively slow overpressure 
rise time. 

16. None of the test articles were any more 
radioactive than the background radiation of 
their specific test site. Therefore as repre
sentative parked aircraft they were not dan
gerously radioactive for a long period of time 
but would have been available for limited opera
tion shortly (3½ hr or le88) after detonation. 

17. It Is possible that fighter or bomber air
craft of all-metal construction might be lost 
owing to thermal-radiation Injury to the op
erating personnel, even though direct structural 
or mechanical damage from the atomic bomb 
would not result In 1088 of the aircraft (this Is 
for consideration In determining the range lim
itation criteria for aircraft operating In the 
vicinity of an atomic bomb burst from a struc
tural, mechanical, and physiological viewpoint). 

18. Insufficient data are available at this 
time to define clearly the blast-front charac
teristics and the flow of the high-velocity air 
In the vicinity of the ground. 

The following conclusions apply to the rigid
wing model: 

1, The rigid-wing model was sufficiently 
rigid for the purpoee of mea• urlng the alrloads 
and the dlfferentlal-preHure distribution; how
ever, the natural frequency of vibration of the 
combination of wtng-sparelrtenslons and sup
porting balance mechanism was excited by the 
forcing function developed by the blast wave. 
Because of this excitation and because of In
sufficient damping to prevent continuance of 
vibration, the rlgld-wlng Installation waa not 
completely adequate. 

2. Lift data, usable for the determination of 
the forcing functions required for dynamic 
analyses of the structural- and swept-wing 
models, were obtained from the rigid-wing 
models at a 9° angle of Incidence at the 4,020-
and the 8,878-ft ranges. Llft data confirming 
predicted low maximums of llft (of the order 
of magnitude of the lUt produced by wind ve
locities normally occurring In the vicinity) 
were obtained from the rigid-wing model• at 
a e• angle of lncldence at the 12,000- and 
111,814-ft ranges. No drag and moment meas
urement• were obtained because of the dynamic 
r11ponae of the rigid-wing-model Installation. 



3. The maximum lift as measured by the 
balancing system on the 9° rigid wing at both 
the 4,020- and the 6,878-ft range was less than 
predicted, but the rate or increase to this peak 
was greater than predicted, and the rate of de
crease following the peak was likewise !,);realer 
than predicted. 

4. The dlHerent!al-pressure-senslng Instru
ments and installation were only partly adequate 
for accomplishment or the objective . The sur
vey or dlHerential pressures in the region art or 
the 40 per cent chord point was inadequate. 

5. DIHerentlal-pressure data were obtained 
from all four of the rigid-wing models at Engebi 
and Muzin. Combinations or the differential
pre1&ure data from these wings provided Indi
cations of 11ft, chordwise preasure distribution, 
center-of-pressure movement, and moment 
about the 25 per cent chord point. All these 
combination• are or limited crediblllty and 
uaefulneH for a dynamic analysis because or 
the absence of adequate duplication or meas
urements p,ft of the 40 per cent chord point. No 
dlfferentlal-preaaure data were obtained from 
the rigid wings at Teltelr and Bokon because of 
the small differential pressures at these ranges 
(of the order of magnitude of the differential 
prea•ure induced by wind velocities usually 
preeent in the area). 

8. Variation• of differential pressure with 
time at the chord points of the wings, u pre
eented herein, individually posseaa certain 
distinctive feature• which may be of signifi
cance In detailed analyse• to be conducted or 
which may be useful In other fields of atomic 
blut atudy, 

The maximum lift on the 9° rigid wing at the 
4,020-ft range, as obtained by combining the 
dlfferential-preaaure measurements from this 
wing, was approximately equal to the predicted 
magnitude. However, the rate of Increase to 
thla peak wu much greater than predicted, and 
the lift force following the peak was 1111 than 
Indicated either bJ theoretical consideration or 
by the balance-ayatem measurements. The 
chordwiae preHure dlatrlbution for thla wing 
and the nighted average distribution from all 
four wings at Engebl and Muzin averaged over 
the flrat 20 maec following arrival of the blut 
front were almllar to the predicted dlatrlbutlona, 
with the notable exception that the differential 
prffaure at the 80 per cent chord point was 
approximately five tlmea greater than the pre-
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dicti on. The a\·e r .. ~e chordwi se di s tribut ion 
[or the 9° win!,); ar.J fo r the C"ombined wings 
durin!,); the first 100 msec was substantiall y in 
accordance with the predicted distribution, in
cluding the 80 per rent chord point. 

Center-or- pressure movement on the 9° r igid 
wing at the 4,020-ft ran!,);e was very !,);reat and 
considerably erratic, exceeding anything pre
dictable by steady-state analyses. Variation 
of moment was similarly large and exhibited 
possible correlation with the variation of the 
angle or attack of the wing. 

Turbulent air-mass [low, with noticeable 
vertical components, was present at the time 
of transition from the positive-pressure phase 
to the ne!tlltlve-pre1&ure phase at the 6,878-ft 
range . 

The phase relations of the dlHerentlal pres
sures at the 6,878-ft range may alfect the dy 
namic analyses and are of Interest In connec -
lion with theoretical concepts of the circulation 
about the wing models. 

From the structural-wing models it was con
cluded that: 

1. The structural-wing models were ade
quately designed and Instrumented for the meas
urement of first-mode bending stresses at the 
4,020- and 6,878-ft ranges. The same design 
and lnatrumentatlon were not sufficiently sen
sitive to measure accurately the small bending 
stresses encountered at the 12,000- and 
111,614-ft ranges. The design and Instrumen
tation were inadequate for the meuurement of 
ahear and toralon loading at any of the rangea 
because of u:ceaalve atrength In the ahear webs 
of the spare. 

2. Bending-moment data, suitable for com
parison with the theoretical dynamic analyaea 
to be conducted, were obtained from the struc
tural-wing model at a 6° angle of Incidence at 
Engebi and from both structural-wing models 
at Muzin. The 9° angle-of-incidence wing at 
the 4,020-ft range (Engebl) failed atructurally 
at the root section before the dynamic loading 
condltiona developed sufficiently to be uaed for 
analysis. Bending-moment data from the 9° 
atructural wing at the 12,000-ft range (Teltelr) 
confirmed the prediction of low dynamic loading 
at thia diatance. 

3. The bending-moment data have no major 
algnlficance until compared with the theoretical 
dynamic analyala yet to be conducted. The maxi
mum clearly defined atreHea occurred at the 

., 
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first peak of first-mode vibrati on of the wing 
models. The first-mode vibrations occurred at 
approximately the frequency predicted prior to 
the test. Second-mode stresses superimposed 
on the first-mode stresses inc reased the magni
tude of the maximum bending moments at the 
6,878-lt range (Muzin) . 

4. The bending moment measured at the 
Intermediate station of the 6° wing at the 4,020-ft 
range appears to be much lower than preliminary 
calculations would indicate although without an 
apparent source of error . Therefore use of this 
Item or data must be on the basis of possible 
gross error in measurement. 

From the swept-wing models it Is concluded 
that: 

1. The swept- wing models were adequately 
designed and lnstrumt:r,(td for the measurement 
of first-mode bending stresses at the 4,020 • 
and 6,878-ft ranges (Engebl and Muzln). The 
same models and instrumentation were not 
sufficiently sensitive to measure accurately the 
small bending moments occurring at the 12,000-
and 16,614-ft ranges (Teltelr and Bokon). Shear 
loading on the swept wing at Engebl was suffi
ciently large to overcome the Insensitivity of the 
gauge Installation Induced by the relative stiff
ness of the spar webs. Except for this Instance 
the model design and Instrumentation were not 
adequate for the determination of shear and tor
sion at any of the ranges because of the propor
tions of the spar webs. 

2. Measurements of bending moment, suitable 
for comparison with theoretical dynamic anal
yses, were obtained from the swept-wing models 
at Engebi and Muzin. Bending-moment meaa
urementa from the swept wing at the 12,000-ft 
range (Teiteir) agreed with the prediction of 
low dynamic loading at this teat site. Shear 
measurements, acceptable for comparison with 
the dynamic analyses, were obtained only from 
the swept-wing Installation at Engebl. 

3. The measurements of bending moment and 
shear have no major significance except In com
parlaon with the theoretical dynamic analyala, 
which la aa yet uncompleted. The maximum 
atreH recorded for each meaaurement uaually 
occurred at the flrat peak of first-mode bending 
of the awept-wing modela. The flrat-mode vibra
tion• of the awept-wing models occurred at ap
proximately the aame frequency aa the flrat
mode vlbratlona of the atructural-wing model•, 
u originally predicted for thia teat. Second-
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mode bending moments superimposed on the 
first-mode bending moments inc reas ed the 
magnitude of the maximum stresses at the 
6 ,878-ft range (Muzin) . 

From vane-type angle- of- attark meas urements 
it is concluded that: 

1. The split-triangular-vane-type angle- of
attack indicator installed at Engebi measured 
the variation of the anitle of flow of the ai r mass 
behind the blast front with an unspecified degree 
of precision. The weather -vane-type angle-of
attack indicator installed at Muzin was inade
quate for tiie measurement of the variation of 
angle of flow because of its tendency toward 
full-scale osc illation when subjected to the 
dynamic conditions of this test . 

2. The specific characteristics of the angle 
or flow of the air mass at the 4,020-ft range, 
as given In the following paragraphs, are tenta
tive, based on the results or one instrument, 
and are subject to lnvestlitation by other means 
in future tests. 

3. The air mass was considerably and con
tinuously turbulent at a level 65 in. above the 
ground. 

4. The average flow, eliminating the higher 
frequency fluctuations, Initially possessed a 
downward component that was replaced at ap
proximately 25 msec by an upward component 
of smaller magnitude that decreased until at 
65 msec no substantial vertical component re
mained. This now was maintained until the 
waning positive-pressure phase Introduced 
large angular variations In the flow. 

5. The measurements of the angle of flow at 
the 4,020-ft ranp:e can be used to Interpret, an
alyze, or modify the results of the lift, pressure, 
or stress measurements obtained. 

From a study of the temperatures of structures 
it la concluded that: 

1. The survey of temperature variation with 
time was extremely limited In scope but pro
vided Information on heat transfer through typi
cal aircraft structural configurations. 

2. The use of Temp-Tapes was an efficient 
method for measuring a large number of maxi
mum internal temperl\tures on aircraft struc
tures exposed to atomic explosions. These 
temperature measurements appeared to be 
1ufflclently accurate to be u1ed for verification 
of theories concerning aircraft structure tem
peratures produced by thermal radiation• from 
atomic explosions. The Stilton and the Trana-
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sonic temperature 11:auges provided a feasible 
method for measurin11: the variation with time 
of both internal and external temperatures of 
aircraft structure~ PX posed to atomic explo
sions. 

3. The maximun measured temperature rise 
of the structural-win!!: models , occurrini: at a 
point on the external skin surface where the 
angle of incidence of the thermal radiation 
was 25°, for the two sites of record was 67°F 
for Muzin, 6,878 ft, and 27°F for Teiteir, 
12,000 ft . These temperatures were attained 
in 0.4 sec and were followed by a decrease to 
approximately 70 per cent of maximum in 2 sec . 
Equivalent computed temperatures for external
skin-surface points normal to the incident radi
ation for each site were 329°F for Engebi, 
4,020 ft; 175°F for Muzin, 6,878 ft; 57°F for 
Teiteir, 12,000 ft; and 21°F for Bokon, 16,614 ft. 
To obtain total temperatures, the ambient tem
perature, 80°F, rrust be added to each of these 
temperature increases. 

4. The maxlrr.um measured temperature rise 
of the inside al.in surface of the structural wing 
was 65 per cent of the maximum temperature 
rise of the corresponding outside skin surface. 
The measured temperature rise of the spar 
web was of the order of 10 per cent of the 
maximum temperature rise of the point of the 
external akin surface having a 25° angle of 
incidence to the thermal radiation. 

5. The temperatures Induced by the thermal 
radiation of an approximately 50-kt bomb had 
negligible effect on the structural properties 
of the wing models while these models were 
under the dynamic loading of the blast wave. 

7.2 RECOMMENDATIONS 

It la recommended that: 
l. The USAF utilize the data that were aSBem

bled to define the forcing function or loads Im
posed on aircraft wings, particularly the rigid
wing model; to perform a dynamic analysis of 
the structural and swept models, utilizing the 
forcing function measured on the rigid-wing 
model; and to check the validity of the method 
of dynamic analysis, utilizing the bending
moment and shear measurements made on the 
structural and swept models. The USAF ahould 
alao utilize the temperature data presented In 
thia report to check the validity of current the-

ories concerning the air,raft struetural tem 
peratures resulting fr om thermal radiation~ 
of atomic explosions. 

2. Crit e ria be devised by the USAF and mact,, 
a part of the specifications for the des i~n of 
aircraft and missile structures that would p;ir
ti,ipate in atomi, bomb missions and for those 
likely to be exposed to an atomic bomb explo
sion. These c riterla should restrict the use of 
exposed (exterior) materials that would be sub
ject to burning, such as fabric used on control 
surfaces and other opaque noncoriductini: mate
rials which can be effectively replaced . Fur 
componenti. fabricated from nonreplaceable 
materials, such as rubber tires, sealing strips, 
deicing boots, and radar domes, other forms uf 
protection should be devised, such as the com
plete coverage of tires with wheel-well doors, 
possibly a redesign and relocation of exposed 
sealing strips, and 'or the requirement for 
reflecting or nonabsorblng (white) materials 
or coatings. 

3. As a result of the data gathered on Op
eration Greenhouse a new evaluation be made 
of the effects of an atomic bomb on present 
military alrc raft likely to be exposed in future 
operations to determine if modifications are 
warranted to minimize thermal and blast dam
age. 

4. In the selection of the detail design of 
aircraft structures normally required to carry 
only small or Insignificant loads over large 
surfaces, such as wing skins near the trailing 
edge, control surface skins, bomb-bay doors, 
landing gear, and acceSB doors, consideration 
be given to the use of materials and combina
tions of materials (sandwich construction) 
which result In the greatest structural resist
ance to pressure differentials on the surface. 

5. The minimum safe range from an atomic 
bomb explosion be determined for operation of 
conventional combat aircraft with the evalua
tion specifically including the critical physio
logical conditions resulting from thermal (and 
nuclear) radiation which would Immediately 
incapacitate the pilot (and other crew members) 
to such an extent that loss of the aircraft would 
follow. It is further recommended that, If opera
tions are restricted because of physical lim
itations of the crew, passive defense measures 
be developed. 

6. Recording instruments for recording data 
of the type measured and reported here, with 



,. .. 
particular attention to osrillograph types, be 
investigated and evaluated for use in future 
USAF ground-test programs. This evaluation 
should include, i£ at all possible, a complete 
shakedown test in the presence of an atomic 
bomb explosion prior to the acceptance of the 
instrumentation as a basic recording system. 

7. Arter all Greenhouse reports have been 
prepared, a seminar or school be held for the 
project officers and their immediate staff 
wherein the latest fundamental information 
gained from this operation could be released 
and discussed. These people are normally 
responsible for future plans and operations 
within their own agency or branch of service 
and therefore should be in a position to for
mulate decisions based on the lateF>t data to 
facilitate maximum utilization of the present 
knowledge. 

8. A more detailed investigation be made 
of the blast-front characteristics and the flow 
of the high-velocity air In the vicinity of the 
ground; this should Include a survey up to 
heights of 70 ft for purposes of USAF ground 
tests. 

\ 
I 

9. Additional tests of the effects of atomic 
bomb explosions on aircraft structures located 
on the ground be conducted. These tests should 
include, but not be limited to, the following: 

(a) An investigation of the problem of pro
tection (revetments) of aircraft while 
in a ready position on the ground. 

(b) A more extensive test of the thermal
radiation effects, Including a more in-

n 
tensive temperature survey on mat erial s 
and coatings utilized in aircraft and 
missile construction. 

(r ) A test or aircraft strul',ures, exposed 
with varying degrees of the largest pro
jected area facing the atomic bomb explo
sion, to determine the effect of overpres
sures combined with the dynamic lift and 
drag loads. 

(d) An investigation of the variation of the 
angle of flow of the air mass behind the 
blast front by means of differential
pressure-wedge arrays. 

10. In the event o( future tests of the effects of 
atomic bomb explosions on similar aircraft model 
structures, the methods of instrumentation should 
include, but not be limited to, the following : 

(a) The omission of differential-pressure 
measurements at ranges experiencing 
lees than 3 psi overpressure. 

(b) An Improvement in the reliability and/ or 
the quantity and distribution of the dlf
(erentlal-preeeure-senelng units. 

(c) A more adequate survey of differential 
preBBuree In the region aft of the 40 per 
cent chord point of the wing models. 

(d) An Improvement In the balance and sup
port system for wings of the rigid-model 
type to minimize the excitation of natu
ral frequencies of the system. 

(e) The design of wing models of the struc
tural and swept type In a manner facili
tating the measurement of torsion and 
shear stresses . 

UMt"ILl~~ - ,• :o 
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Fig. 1.3 Typical lmtallation of SWept•wlng Model before Bomb Burst, Engebi, Range 4,020 Ft. The 
vane-type angle-of-attack measwing device was not mounted on the pylon 111pport1n1 1crut at che time 

of this photograph. 
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Pl&, 1.4 SWept Model on Engebt afw the Exploatoo. The acorcbed paint on the large 11n1t and leading 
edge of the pylon 11 the only Yl.aible damage to thh teat l.nltallation (aee Fig. 1,3), 
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F11. 2.6 F-47 Wing, Aileron, and flap lllltalladon and the Small Altfolh Set at 221~• on Engebl, Range 
,,,020 Ft, before Bomb Burn 
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Fi&- 2.8 F-47 Wing and Airfoils on Engebi, Range 4,020 Ft, after DetonaUon. The impreuion of the 
internal nruc111re on the akln and the depreuioo of the akin between the ribs ls evident. The akin denu 
on the leadlng edge near the Up may be seen. The airfoils failed under combined bending and \Onion 

loads. 
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Plg. 2. '1 Porl10ll of the F-4'1 Wing of Fig. 2.8 Sbowlng Scrucwral Damage, Engebl, Range 4,020 Ft, after 
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Fig. 2.8 11-17 Elevator on Muzln, Range 6,878 Ft, after Bomb Burst. No damage of any type was sw• 
talned. 
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Pil. 2.21 l-1'1 llnatar lal1allattoa, l!nlebi, Raap 4,020 Pt, before Bomb Bunt 
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Fig. 2.U Suuccural Damage Sutulned by 8•1'1 Bleyaa,r on Eapbl afw Detoaadon. Compare with Fis, 
2.23. Note amall hole ln fabric ln Fis, 2.23 ln same bay where fabric b corn ln dd1 plccure. 
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Pig. 2.28 Cnuhed Internal Suucture of the Inboard End of the 1•17 Elevauir, Engebl, 4,020 Pt, after 
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Plg. 2,28 Appearance of a Shock P,ont Photographed wilh Paatax Camera, durln1 a 10,000-lb Hlgb• 
exploatve Teat at Aberdeen, 117 October 1950. Note dlecontlnulty of rope, Cat A ind B. 
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Flg. 2,30 Grid Su.pended In Camera Field, Showing Vertical Pipe and Ping-pong Balla for Optical 
Angle-of•atrack Dewmlnation, Teltelr, Range 12,000 Pt, before Bomb llunt. The verdcal pipe wa, 
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Plg. 2.33 ln1ullatlon of Angle-of•an•ck Blan SWitcb for Slmuluneoully Trlggerlng Electronic Cbrono• 
Bf&pbl, Muzln, before Detonation. The chronographs were housed ln submerge• concrete lnu111men1 

shelter. 
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Pig. 2.M lmtallatlon of Angle-of-attack Blalt SW1tcb11 for Stopplng Individual Chronopaphs (after 
De1011atlon). Remalm of whicie tlaale paper Uled to protect dlapbragma from thermal radiation can be 

teen at 10• and 13•ft elevatlool. 
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